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SECTION I

INTRODUCTION

Advanced Micro Devices has designed an educational tool, the
Am2900 Evaluation and Learning Kit, to be used by the design
engineer learning microprogramming. The purpose of this kit
is twofold. First, it is intended to introduce the design
engineer to several of the circuits in the Am2900 Bipolar Micro-
processor Family. Second, it is intended to be an instructional
tool for the engineer faced with his first microprogramming job.
The kit consists of one Am2901 Bipolar Microprocessor, one Am2909
Bipolar Microprogram Sequencer, and several memories, registers,
and multiplexers organized in a typical CPU (Central Processing
Unit) structure. It should be said at the onset that the pur-
pose of this kit is to introduce the design engineer to the
Am2900 Family devices and provide a microprogram learning tool.
This kit is NOT a four-bit computer.

The organization of the kit is a reduced example of a
typical CPU design. In the microprogram control area, one
Am2909 Bipolar Microprogram Sequencer is used to address 16 words
of microprogrammed memory. The kit uses eight Am27S03 64-bit
RAM's (Random Access Memories) connected as the microprogram
memory. This provides a total microprogram memory that is 16 words
deep where each word is 32 bits wide. This memory is used as the
writeable microprogram memory for holding the microinstructions
of the program. The kit contains eight Am2918 Registers used as
a 32~-bit wide pipeline register at the output of the microprogram
memory. The kit also has a 32-word by 8-bit PROM (Programmable
Read Only Memory) in the Am2909 control path to generate next
microprogram address commands.

one four-bit Am2901 Bipolar Microprocessor slice. One Am25LS08
is used as the status register which holds the four status flags.
The ALU section also uses two Am25LS253 Multiplexers for shifting
data into either the RAM shift matrix or the Q shift matrix under
microprogrammed control. This allows the execution of various
types of microinstructions and the results of these operations
can be learned in concept and in practice.

|
I
|
The ALU (Arithmetic Logic Unit) in the Am2900 kit utilizes '

The microprogram memory is loaded with data by using a
combination of toggle switches that select the memory to be loaded,
apply the address for the memory, and also apply the data to be
loaded into the memory. The contents of the microprogram memory
can be viewed conveniently, four bits at a time, on four LED
(Light Emitting Diode) lamps. Four-bit fields associated with




the Am2901, Am2907, Am2909, and Am25LS08 can be viewed on four
additional LED lamps. Likewise, four-bit fields of the Am2918
Pipeline Register can be viewed on a separate LED display. This
provides the student with the ability to learn the machine opera-
tion in a step-by-step program segquence.

All components required in the assembly of the Am2900 Evaluation
and Learning Kit are supplied in the kit package. The only item
that need be supplied by the user of the kit is a +5V power supply
capable of delivering approximately 2 amperes of current. The
assembly diagram and assembly instructions in this book show the
location of each of the components on the printed circuit board.
Each component should be assembled in its position and then
soldered in place. The user should assemble the board in steps
and check out the assembly as it proceeds. The recommended
technique will be to load some of the components onto the printed
circuit (PC) board and solder them in place. A +5V power supply
will be connected to the PC board and a test procedure followed
to ensure proper operation of the devices as installed. This
procedure is defined in detail in Section IV during kit assembly.

In order to utilize the Am2900 Family efficiently, a basic
understanding of microprogramming is essential. The simplest
method of microprogramming is for each microinstruction step to
be implemented in a sequential manner. The EXECUTION of the
microprogram allows the CPU to operate on a microinstruction in
a particular memory location. Then, the microprogram controller
increments to the next memory location for the next microinstruction.
After each microinstruction fetch, the pipeline register will con=-
tain the memory location contents for execution. In order to provide
the basic understanding of microprogramming, Section II on this
topic is included in this book. Section III describes the basic
operation of the Am2900 Evaluation and Learning Kit applying the
basics from Section II.




SECTION IT

UNDERSTANDING THE BASIC THEORY OF MICROPROGRAMMING

INTRODUCTION

With the advent of the Am2901 four-bit microprocessor slice
and the Am2909 bipolar microprogram sequencer, the design engineer
can upgrade the performance of existing systems or implement new
systems taking advantage of the latest state-of-the-~art technology
in Low-Power Schottky integrated circuits. These devices, however,
utilize a new concept in machine design not familiar to many
design engineers. This technique is called microprogramming.

Basically, a microprogrammed machine is one in which a
coherent sequence of microinstructions is used to execute various
commands required by the machine. If the machine is a computer,
each sequence of microinstructions can be made to execute a macro-
instruction. All of the little elemental tasks performed by the
machine in executing the macroinstruction are called microinstruc-
tions. The storage area for these microinstructions or micro-
program signals is usually called the microprogram memory.

A microinstruction usually has two primary parts. These
are: (1) the definition and control of all micro-operations to
be carried out and (2) the definition and control of the address
of the next microinstruction to be executed.

The definition of the various micro-operations to be carried
out usually includes such things as ALU source operand selection,
ALU function, ALU destination, carry control, shift control,
interrupt control, data-in and data-out control, and so forth.
The definition of the next microinstruction function usually
includes identifying the source selection of the next micro-
instruction address and, in some cases, supplying the actual
value of that microinstruction address.

Microprogrammed machines are usually distinguished from non-
microprogrammed machines in the following manner. Older,
non~-microprogrammed machines implemented the control function
by using combinations of gates and flip~flops connected in a some-
what random fashion in order to generate the required timing and
control signals for the machine. Microprogrammed machines, on
the other hand, are normally considered highly ordered and more
organized with regard to the control function field. In its
simplest definition, a microprogram control unit consists of the
microprogram memory and the structure required to determine the
address of the next microinstruction.



UNDERSTANDING THE MICROPROGRAM MEMORY

The microprogram memory is simply a N word by M bit memory
used to hold the various microinstructions. Figure 1 depicts the
word number definition of an N word microprogrammed memory. For
an N Word memory, the address locations are usually defined as
location 0 through location N-~1l. For example, a 256-word micro-
program memory will have address locations 0 through 255.
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FIGURE 1: Organization of an N-word Microprogram Memory

Each word of the microprogram memory consists of M bits.
These M bits are usually broken into various field definitions.
A typical example of field definition is shown in Figure 2 where
a 32-bit word made up of nine fields is depicted. It should be noted
that the fields can consist of various numbers of bits. For
example, field number 1 is 5 bits wide, field number 2 is 8
bits wide, field number 6 is 1 bit wide, and so forth. It is the
definition of the various fields of a microprogram word that is
usually referred to as FORMATTING. Thus, Figure 2 shows the
format of a 32-bit microinstruction.
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FIGURE 2: Definition of the Fields within one 32-bit
MICROFPROGRAM Memory Word

Examples of the uses of the field as defined in Figure 2
are as follows:

Field 1 - General purpose

Field 2 - Branch address

Field 3 - Next address control

Field 4 - Interrupt control

Field 5 - Fast clock/slow clock select
Field 6 - Carry control

Field 7 - ALU source operand control
Field 8 ~ ALU function control

Field 9 - ALU destination control

The above field definition is an example of how microinstruction
fields are defined in a typical machine.

SEQUENCING THROUGH MICROINSTRUCTIONS

Once the microprogram format has been defined, it is necessary
to execute seguences of these microinstructions if the machine is
to perform any real function. In its simplest form, all that is
required to sequence through a series of microinstructions is a
microprogram address counter. Such a simplified microprogram
memory address control is shown in Figure 3. The microprogram
address counter simply increments by one on each clock cycle to
select the address of the next microinstruction. Figure 4 shows
an example of what might be occurring in this mode. For example,
if the microprogram address counter contains address 23, the
next clock cycle will increment the counter and it will select
address 24. The counter will continue to increment on each clock
cycle thereby selecting address 25, address 26, address 27, and
so forth. 1If this were the only control available, the machine
would not be very flexible but it would be able to execute a
fixed pattern of microinstructions.
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The technigque of continuing from one microinstruction to
the next segquential micreoinstruction is usually referred to
as CONTINUE or EXECUTE. Thus, in microprogram control definition,
we will use the CONTINUE or EXECUTE statement to mean simply
incrementing to the next microinstruction.

MICROPROGRAM BRANCHING OR JUMPING

If the microprogram contrcl unit is to have the ability to
select other than the next microinstruction, the control unit
must be able to load a BRANCH address. Figure 5 shows a control
unit architecture whereby a BRANCH address can be parallel loaded
into the microprogram address counter. The load control is a
single bit field within the microprogram word format. Let us
call this one-bit field the microprogram address counter load
enable bit. When this bit is at logic 0, a load will be inhibited
and when this bit is logic 1, a load will be enabled. If the load
is enabled, the branch address contained within the microprogram
memory will be parallel loaded into the microprogram address
counter. This results in the ability to perform an N-way branch.
For example, if the branch address field is eight bits wide, a
branch to any address in the memory space from word 0 through word
255 can be performed. Note that there may be many other fields
in the microprogram.

Let us examine the programming that would be required by
the microprogram control unit described in Figure 5. Referring to
the micropregram memcry map of Figure 6, assume the current address
in the microprogram address counter is 51. Since the load
control is logic 0, the counter will increment on the next clock
cycle and will contain address 52. In fact, the counter will
continue to increment through words 53, 54, 55, 56 and 57. When
the microprogram address counter contains address 57 as shown in
Figure 6, the load control bit changes to a logic 1. When this
happens, the microprogram address cocunter will parallel load the
branch address supplied to its parallel data inputs. An example
of such a counter is the Am25LS161 binary counter. The branch
address shown in the contents of word 57 in Figure & is address
90. On the next clock cycle, 90 will be loaded into the micro-
program address counter. Thus, the next microinstruction executed
will be defined by the contents of the microinstruction word at
address 90. Figure 6 now defines the locad control kit at instruc-
tion %0 to be logic 0. Thus, on the next clock cycle, the counter
will increment to address 91. When address 92 is reached,
another BRANCH is defined. The branch address at word 92 is
address 13.

The simple branching control feature described in Figure 5
and Figure 6 allows a microprogram memory controller to execute
sequential microinstructions or perform a BRANCH to any address
either before or after the address currently contained in the
microprogram address counter.
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CONDITIONAL BRANCHING

While the BRANCH or JUMP instruction has added some flexi-
bility to the sequencing of microprogram instructions, the
controller still lacks any decision-making capability. This
decision-making capability is provided by the CONDITIONAI BRANCH
instruction. Figure 7 shows a functional block diagram of a
microprogram memory/address controller providing the capability
to branch on two different conditions. In this example, the
load select control is a two-bit field used to contrel a four-
input multiplexer. When the two-bit field is eguivalent to binary
zero, the multiplexer selects the zero input which forces the
load contrecl inactive. Thus, the CONTINUE microprogram control
instruction is executed. When the two-bit load select field
contains binary one, the Dy input of the multiplexer is selected.
Now, the load contrcl is a function of the Condition 1 input.

If Condition 1 is logic 0, the microprogram address counter
increments and if Condition 1 is logic 1, the branch address

will be parallel loaded in the next clock cycle. This coperation
is defined as a CONDITIONAL BRANCH. If the lcad select input
contains binary 2, the Dy input is selected and the same function
is performed with respect to the Conditicn 2 input. If the load
select field contains binary 3, the D3 input of the multiplexer is
selected. Since the D3 input is tied to logic HIGH, this forces
the micropregram address counter to the load mode independent of
anything else. Thus, the branch address is locaded into the micro-
program address counter on the next clock cycle and an UNCONDITICONAL |
JUMP is executed. This load select control function definition is
shown in Table I.

TABLE I

Load Select Control Function

51 SO Function

0 0! Continue

0 1; Jump Condition 1 True

-
[an}

Jump Condition 2 True

[
[

Jump Unconditional
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A microprogram memory map showing the use of conditional
branching in microprogram control is depicted in Figure 8. 1In
this map, we assume the microprogram address counter is currently
pointing at word 30. The load select field causes the address
counter to increment to word 31 on the next clock cycle. At
word 31, a CONDITIONAL BRANCH is encountered. If the Condition 1
input is logic 0, the next word selected will be word 32. 1If
the Condition 1 input is logic 1, the next word selected will
be word 38. The example of Figure 8 shows other CONDITIONAL
BRANCHES at word 32, 35, and 36. It also shows an UNCONDITIONAL
BRANCH at word 39. It should ke noted that words 35 and 36
result in CONDITIONAL BRANCHES to the same address, address 95.
The essence of this function is that if either Condition 1 or
Condition 2 is true as tested on sequential microinstructions,
the program branches to the sequence beginning at address 95.

An example of the power of CONDITIONAL BRANCHING is shown
in Figure 9A. Here, ignoring the start-up problem, let us assume
the microprogram address counter contains the word 0. The instruc-~
tion being executed is a conditional test on Condition 1 input.
If Condition 1 is true, branch to word 4 and if Condition 1 is
false, continue. Word 1 performs a test on Condition 2. This
test results in a branch to word 8 if true, or a continue if
false. Word 2 performs a condition test on Condition 1. If
true, a branch to word 12 occurs, if false a continue to word 3
occurs. Word 3 is an unconditional branch to the starting address
at word 0. In this example, if a jump occurs to either word
4, 8, or 12, the net result is that the next four instructions
are executed and then an unconditional branch to word (¢ occurs.
The flow table for this l6-word microprogram is shown in Figure 9B.

The microprogram control flow described in Figures 9A and
9B represent a simple state machine design controller that looks
for either Condition 1 to occur, Condition 2 to occur, or not
Condition 2 followed by Condition 1 occurring before a reset to

wor@ 0. 1In the event any of the conditions do occur, a small
series of tasks (four microinstructions) are to be executed and
then the machine returned to word 0. If none of the test conditions

occur, the machine is reset at word 3 and returned to the test at
word 0. At power-up, an asynchronous reset could be applied to the
microprogram address counter to initialize the machine. Although
Figure 9A and Figure 9B describe an extremely simple microprogram
control unit, it is representative of the microprogram control
power contained in only three basic microinstructions. These
microinstructions are the CONTINUE instruction, the UNCONDITIONAL
JUMP instruction, and the CONDITIONAL JUMP instruction.
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OVERLAPPING THE MICROPROGRAM INSTRUCTION FETCH

Now that a few basic microprogram address control instructions
have been defined, let us examine the : instructions
used in a microprogram control unit featuring the overlap fetching
of the next microinstruction. This technique is also known as
"pipelining." The block diagram for such a microprogram control
unit is shown in Figure 10. The key difference when compared with
previous microprogrammed architectures is the existence of the
"pipeline register" at the output of the microprogram memory.
By definition, the pipeline register {or microword register)
contains the microinstruction currently being executed by the
machine. Simultaneously, while this microinstruction is being
executed, the address of the next microinstruction is applied to
the microprogram memory and the contents of that memory word are
being fetched and set-up at the inputs to the pipeline register.
This technique of pipelining can be used to improve the performance
of the microprogram control unit. This results because the contents
of the microprogram memory word required for the next cycle are being
fetched on an overlapping basis with the actual execution of the
current microprogram word. It should be realized that when the
pipeline approach is used, the microprogram fetch, the current
microinstruction being executed and the results of the previous
microinstruction are available with respect to each other simul-~
taneously. Said another way, the design engineer must be aware
of the fact that some registers contain the results of the pre-
vious microinstruction executed, some registers contain the cur-
rent microinstruction being executed, and some registers contain
data for the next microinstruction to be executed.

Let us now compare the block diagram of Figure 10 with that
shown in Figure 7. The major difference, of course, is the addi-
tion of the pipeline register at the output of the microprogram
control memory. Also, notice the addition of the address multi-
plexer at the source of the microprogram memory address. This
address multiplexer is used to select the microprogram counter
register or the pipeline register as the source of the next
address for the microprogram memory. The condition code multi-
Plexer is used to control the address multiplexer in this address
selection. By placing an incrementer at the output of the address
multiplexer, it is possible to always generate the current micro-
programming address "plus one” at the input of the microprogram
counter register. In Figure 7, the microprogram address counter
was described as a device such as the Am25LS161 counter. In
the implementation as shown in Figure 10, the Am25LS161 counter
is not appropriate. Instead, an incrementer and register are
used to give the equivalent effect of a counter.
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The key difference between using a true binary counter and
the incrementer register described here is as follows. When
the branch address from the pipeline register is selected by
the multiplexer, the incrementer will combinatorially prepare that
address plus one for entry into the microprogram counter register.
This entry will occur on the LOW-to-HIGH transition of the clock.
Thus, the microprogram counter register can always be made to contain
address plus one, independent of the selection of the next micro-
instruction address. When the address mutliplexer is switched so
that the microprogram ccunter register is selected as the source of
the microprogram memory address, the incrementer will again set-
up address plus one for entry into the microprogram counter register.
Thus, when the address multiplexer selects the microprogram counter
register, the address multiplexer, incrementer and microprogram
counter register appear to operate as a normal binary counter.

The condition code multiplexer SpS; operates in exactly the
same fashion as described for the condition code multiplexer of
Figure 7. That is, binary zero in the pipeline register (the
current microinstruction being executed) forces an unconditional
selection of the microprogram register wvia Dy. Binary one or
binary two in the next address select control kits of the pipeline
register cause a conditional selection at the address mutliplexer
via D] or D2. Thus, a CONDITIONAL BRANCH can be executed. Binary
three in the next address select portion of the pipeline register
causes an UNCONDITIONAL BRANCH instruction to be executed via D3.

When the overall machine timing is studied, it will be noticed
that the key difference between overlap fetching and non-overlap
fetching involves the propagation delay of the microprogram
memory. In the non-pipelined architecture, the microprogram memory
propagation delay must be added to the propagaticon delay of all
the other elements of the machine. In the overlap fetch arch-
itecture, the propagation delay associated with the next micro-
program memory address fetch 1s a separate lcoop independent of
the other portion of the machine.

SUBROUTINING IN MICROPROGRAM CONTROL

Thus far, we have examined the CONTINUE instruction as
well as the CONDITIONAL and UNCONDITIONAL BRANCH instructions.
Just as in the programming of minicomputers and microcomputers,
the advantages of SUBROUTINING can be realized in microprogramming.
The idea here, of course, is that the same block of microcode can
be shared by several instruction sequences of microcode. This
results in the overall reduction in the total number of microprogram
memory words required by the design. If we are tc jump to a sub-
routine, what is required is the ability to store an address to
which the subroutine should return when it has completed its
execution. Examining the block diagram of Figure 11, we see the
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addition of a push/pop stack and its associated stack pointer.
The control signals required by the stack are an enable stack
signal which will be used to tell the file whenever we wish to
perform a push or a pop, and a push/pop control used to control
the direction of the stack pointer (push or pop).

In this architecture, the stack pointer always points to the address
of the last microinstruction written into the file. This
allows the "next address multiplexer" to read the file at any time
via port 2 on the next address MUX. When this selection is per-
formed, the last word written on the stack will be the word
applied to the microprogram memory. The condition code multiplexer
of the previous example has also been replaced by a stack and
address control programmable read only memory (PROM). The next
address control field of the microprogram word has been expanded
to a three-bit field. This three-bit field in conjunction with
one condition code bit form the four-bit address control for the
stack and address control PROM. The PROM has four outputs used to
control the next address multiplexer and the stack pointer. The
net result is that in this example, eight instructions have been
defined where three of the instructions are conditional. Table
IT shows these next address select control functions. They include
continue, branch, branch on condition, push, jump-to-subroutine,
jump-to-subroutine on condition, return-from-subroutine, and test
end of loop. Note that this architecture does not provide the
ability to select any particular starting address. Also , either
a master reset or a known address must be provided to the system
to somehow handle power-up turn-on. A system using the Am2909 can
provide this feature. Table III shows a detailed definition of the
instruction set defined in Table II.

TYPICAL COMPUTER CONTROL UNIT ARCHITECTURE USING THE AM2909

The microprogram memory control described in Figure 11 is
easily implemented using the Am2909 as shown in the block diagram
of Figure 12. ©Note the addition of a fourth input (D) for selecting
the starting address of a sequence of microinstructions. The
Am2909 thereby provides four different inputs from which the next
address can be selected. These are the direct input (D), the
register input (R), the program counter (PC), and the file (F).
A detailed logic diagram of the Am2909 is shown for clarity in
Figure 13.

The architecture of Figure 12 shows a macroinstruction register
capable of being loaded with a macroinstruction word from the
data bus. The op code portion of the instruction is decoded in
a mapping PROM to arrive at a starting address for the micro-
instruction sequence required to execute the macroinstruction.
When the microprogram memory address is to be the first micro-
instruction of the macroinstruction sequence, the microsequencer
control PROM selects the multiplexer D input.



Next Address

TABLE T1I

Select Control Functions

A3A2Al Function

0600 Continue

001 Branch

010 Branch on condition

011 Push

100 Jump to subroutine

101 Jump to subroutine on condition

110 Return from subroutine

111 Test end of loop

TABLE III
PROM Control for Table IT Function
Next Address Enable | Push/
Function AjApAy Ag |MUX 518y Stack Pop
Continue 000 ? 0 No X
. 0
Branch 001 1 1 No X
Conditional 010 ¢ 0 ~
L . - No X

Branch il i
Push 011 g 1 Yes Push
Jump to 0 1 Yes Push
Subroutine 1oo 1
ggggltlonal 101 0 0 No |X

p 1o Y Push
Subroutine + . ©s us
Return from 110 0 2 ves Pop
Subroutine 1
Test end 111 0 2 No X
of loop 1 0 Yes Pop
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The register internal to the Am2909 should be thought of
as the pipeline register. When the current microinstruction
being executed is selecting the next microinstruction address
as a branch function, the branch address will be contained in
the register internal to the Am2909. When sequencing through
continuous instruction in microprogram memory, the program counter
in the Am2909 is used. The 4 x 4 stack in the Am2909 is used
for looping and subroutining in microprogram operations.

If a three-bit field for the next address control is
used for the architecture shown in Figure 12, the recommended
eight functions are shown in Table IV. The eight functions pro-
viding good control for selection of the address of the next micro-
instruction include continue, branch, branch on condition, push,
jump-to-subroutine, starting address, return-from~-subroutine,
and test end of lcop. The detailed control reguired to implement
these eight functions is shown in Table V. The actual PROM coding
for this example is shown in Table VI. The PROM selected for
this implementation is an 3m29751 32-word by 8-bit Programmable
Read Only Memory.

If more flexibility is required, the architecture shown
in Figure 12 can be expanded such that a four-bit next address
field format is used to drive the microsequencer control PROM.
This provides the ability to have 16 different control functions for
selecting the address of the next microinstruction. Table VIT
shows an example of these 16 functions providing a comprehensive
set of instructions for microprogram address control. Table VIII
shows the actual PROM coding for this instruction set and
Figure 14 shows a detailed functional connection diagram for
this microsequencer instruction set.

Am2911 MICROPROGRAM SEQUENCER

2911 Microprogram Seguencer is similar in design to
the Agggogdevice. Tie gifference between the Am2909 and Ehe Am2911
involves the D inputs, R inputs, and OR inputs. Qn the Am2911,
the OR inputs have been eliminated to save four pins. Also onth
the Am2911, the R inputs and D input§ have been connec?ed toge9 er
to save an additional four pins. This allows the 28-pin Am290

to be packaged in a 20-pin package.

sing the Am2911, the normal technique in.a computer
contrZ?eEnﬁt iz to multipléx the output of the mapping PROM ani.
the output of the pipeline register for the branch address; E is
is easily accomplished using three-state control at each of E ezg .
points. The enable signal or the mapping PROM and the branch ac ri
field three-state control can be supplied from the Am29751 Contro
PROM associated with the microprogram sequencer.
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TABLE VI

Am29751 PROM Coding for Table V Example

Address PROM Output

AgRA3AyA A 03 0y 07 Og
00000 X 1 0 0
00001 X 1 0 0
00010 X 1 0 1
00011 X 1 0 1
001060 X 1 0 ©
00101 X 1 0 1
0011o 1 0 0 0
00111 1 0 0 o0
01000 1 0 ¢ 1
01001 1 ¢ o0 1
01010 X 1 1 1
01011 X 1 1 1
01100 0 0 1 o©
01101 60 0 1 o
01110 X 0 1 o
01111 { 06 1 0 0
0 = LOW 1 = HIGH

X = Don't care
Notes:
1. Am2909 Connections:
PROM 0 to Sy (Pin 16)
PROM 0] to S7 (Pin 17)
PROM 05 to FE (Pin 25)
PROM 03 to PUP (Pin 26)
2. Ground 24 (Pin 14)

of Am29751




TABLE VII

PROM Control for 16 Next Address Functions

Next Stack Push
Function AzApAqAg | CC | Address | Enable | Pop Zero | OR
Start 0 D No X H L
Address 0000 1
Continue 0001 g PC No X H L
Branch 0010 S R No X H L
Jump zero 0011 g X No X L X
0
Push 0100 1 BC Yes Push H L
0
Pop 0101 1 PC Yes Pop H L
JSB 0110 i R Yes Push H L
0
RTS 0111 1 F Yes Pop H L
Test end 0 F No X H
cf loop 1000 1 PC Yes Pop H L
Conditicnal 0 BC
Branch 1001 1 R No X H L
Conditional 0 PC No X
JSB 1010 1 R Yes Push H L
Conditional 0 PC No X
RTS 1011 1 F Yes Pop H L
Conditional 1n 0 BC H L
Jump MAX 1100 1 X No X H H
Jump MAX 1101 2 X No X H H
Conditionali 0 PC No X H
Jump Zero 1110 1 X No X L L
1111 g TC BE DETERMINED BY USER
!




TABLE VIII

Am29751 PROM Coding for Table VITI Example

Address PROM Output
AyA3R0A 1A 05 04 03 03 03 0g
00000 01 X 1 1 1
00001 0 1 x 1 1 1
00010 01 X 1 0 0
00011 01 X 1 0 0
00100 01 X 1 0 1
00101 01 x 1 0 1
00110 0 0 X 1 X X
00111 0 0 X 1 X X
01000 01 1 0 0 0
01001 01 1 0 0 0
01010 01 0 0 0 O
01011 01 0 0 0 0
01100 01 1 0 0 1
011001 01 1 0 0 1
0ol111o0 01 0 0 1 0
01111 01 0 0 1 0
10000 01 x 1 1 0
10001 01 0 0 0 0
10010 01 X 1 0 0
10011 0 1 x 1 0 1
10100 01 X 1 0 0
Am2%09 Connections: 10101 01 1 0 0 1
PROM 0g to Sy (Pin 16) 10110 01 X 1 0 0
PROM 01 to S1 (Pin 17) 10111 01 0 0 1 0
PrROM 02 to FE (Pin 25) 11000 01 X 1 0 0
PROM 05 to PUP (Pin 26) 11001 1 1 x 1 X X
PROM 0, to Zero (Pin 15) 11010 1 1 x 1 X X
proM 05 to ORg, OR1, OR2, OR3 11011 1 1 X 1 X X
(Pins 12, 10, 8 and 6) 11100 01 X 1 0 0
11101 0 0 X 1 X X
11110 To be determined %
11111 by user :
"0 = Low 1 = HIGH X = Don't care.
2-26
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FORMATTING IN MICROPROGRAM MEMORY

Many engineers designing a microprogrammed machine for the ~
first time find difficulty in determining an approach to the micro-:
programming problem. At Advanced Micro Devices, we have found the
following approach to be the most useful for engineers attempting
their first microprogramming design job. This approach involves
initially assuming only one format for the microprogram word

will be used. That is, the machine architecture should be
determined as required for the performance desired and the total
word width of the microprogram memory temporarily ignored. This
can result in a fairly wide microprogram word at the onset of the
design. However, by taking this approach, the design engineer does
not become immediately bogged down in making several trade-offs
as to the various formats useful for the microprogram words. If
the machine architecture is designed to achieve the performance
required and the microprogram word is expanded such that bits are
available to control the various portions of the machine as
required, then the initial design task becomes straight~forward.

After the initial architecture has been laid out, the design
should proceed such that small groups of microinstructions are
written for the key macroinstructions. Particular emphasis
should be placed on the macroinstruction set requiring the highest
use in the firmware operation. For example, particular emphasis
should be placed on the fetch routine since it is used over and
over on every machine instruction cycle. Likewise, if the machine.
will typically execute many register-to-register arithmetic opera-:
tions, the microprogram sequence used in these instructions should .
be reviewed carefully. As small sequences of firmware are written,
it will become apparent that perhaps some fields of the micro-
program could be shared in the memory. For example, it may become
apparent that the interrupt control microprogram bits and the A
source operand microprogram bits never occur in the same micro-
instruction. Thus, perhaps if four bits are used for interrupt
control and four bits are used for A source operand select, then
these four bits might use the same four-bit field in the memory.
This would save a four-bit field throughout the entire microprogram
memory addressing space. However, it will be necessary to determin
which field is present in the word in the pipeline register. Thus
one bit may be dedicated in the entire microprogram word field
to distinguish between format number 1 and format number 2. When
this bit is a zero, the machine recognizes format 1 and applies
these four bits to the source operand control. When this bit
is a logic 1, the machine recognizes that format number 2 is in
the format register and applies this field to the interrupt
control.




From this discussion, it should be apparent that perhaps four
different formats might be utilized by the machine and a two-bit
field used to identify which of the formats is in the pipeline
register. In some designs, parts of the pipeline register may
be repeated more than one time for some control fields. If this
is the case, then it becomes necessary tc select the appropriate
register to be loaded by the microinstruction coming from the
memory for this field. Thus, the two bits determining the format
may be decoded using a two-line to four-line decoder such as the
Am25L5139. The appropriate output from the Am25LS139 can enable
a register with a clock enable function such as on the Am25LS07,
Am25LS08 or Am25LS377 such that the micreoprogram memory word is
loaded into the appropriate register for use by the machine.

The primary advantage of formatting the microprogram word
is to save bits in width for the microprogram memory. Occasionally, )4
as the formatting becomes more complex, it will be found that >
two fields are required simultanecusly. Thus, this can result
in an extra microinstruction being required to be able to perform
all of the functions required by the microprogram control. WNor-  *
mally, anywhere from two to eight different formats can be found J% i
useful in the microprcgramming of many machines. ¥ os

For the design engineer doing his first microprogramming job,
the emphasis should be on layout of the architecture of the machine
to meet the reguired specification. Should the design accidentally
use too many bits in microword width, it would be unfortunate
but not catastrophic. The machine would still perform properly
and meet specification and, in many cases, only one or two extra
integrated circuits would have been used. Based on the cost of
Field Programmable Read Only Memories, this cost is not unacceptable.
Also, it is possible that such an approach may considerably reduce
the overall design time of the machine. As the designer gains
experience, he will become more proficient in formatting micro-
program words and will soon find he can generate microprogram
control architectures with reasonable speed.

SUMMARY

The Am2909 provides a unique solution to the microprogram
memory sequence control problem. It is particularly well suited
for high-~performance computer control units using overlap fetch
of the next address in microprogram memory. By using a micro-
sequencer control PROM, the functional controcl of the next address
selection can be uniquely defined. In addition, operations involving
the internal stack can be selected as desired. The Am2909 is also
a useful device in state machine contreol design. That is, control
of the microprogram memory can be programmed as needed for the
design.

The Am2911, being similar in design to the Am29%0%, provides
a similar type of control in the 20-pin, 0.3" centers package.
This package provides lower cost because of its reduced size
and complexity. In addition, this package reguires less printed
circuit board area than the 28-pin Am2909 but provides almost
the same functional capability.
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SECTION III

Operation of the Am2900 Evaluation and Learning Kit

INTRODUCTION

The Bm2900 Learning and Evaluation Kit design exemplifies
the basic microprogrammed architecture of a typical minicomputer.
The kit consists of a microprogram control section and a CPU,

The microprogram control section coptains most of the elements
found in the microprogram control section of a typical computer
contrel unit, All that need be added is an instruction register
and op code mapping PROM. The CPU section of the kit contains
a condition code register and shift matrix multiplexer linkage.

Toggle switches are used in the kit to control the clock
select circuitry and to enter data into the microprogram memory.
These toggle switches are also used to control the data display
section selection points throughout the learning kit. The kit
contains three LED display ports. One four-bit display is used
in conjunction with the microprogram memory, the second LED display
is used to view the contents of the pipeline register, and the
third LED display is used to examine data at various points in
the kit. ;

BLOCK DIAGRAM

A detailed block diagram of the Am290¢ kit is shown in
Figure 1. Basically, the left-hand side in the bloc¢k diagram
represents the microprogram control section and the right-hand side
of the block diagram represents the CPU section. Likewise, various
switches and multiplexers are shown in conjunction with the function
described above. That is, address select switches, microprogram
memory data switches, and RAM and MUX select switches are connected
to the microprogram control section of the kit, Three separate
LED displays are used to view the microprogram memory outputs, the
pipeline register output, and the various data paths.

MICROPROGRAM SEQUENCER

One Am2909 Bipolar Microprogram Sequencer is used for the
central control point for the microprogram memory. The output of
the Am2909 Microprogram Sequencer represents the address of the
next micreinstruction to be executed. This four-bit address is
applied to the four address lines of the microprogram memory. The
microprogram memory consists of eight Aam27803 64-bit RAM's. These
64~-bit RAM's are organized as a l6-word by 4-bit memory. Therefore,
using eight of the Am27S03 Memories, a microprogram memory storage
- of 16 words by 32 bits is realized.

¢
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Four Am25LS151 &ight-input Multiplexers. are used at the output
of the microprogram memory such that the RAM and MUX SELECT switches
are used to view the contents of the RAM on the microprogram
memotry LED display. Thus, the user can examine the contents of
each Am27803 four bits at a time.

Eight Am2918 Four-bit Registers are used at the output of
the microprogram memory to form a 32-bit pipeline register. The
pipeline register contains the microinstruction currently being
executed. This instruction consists of the two parts described
previously., That is, the pipeline register provides the various
signals to control the Am2901 and the associated shift matrix
multiplexer. It also provides the necessary control signals for
selecting the address of the next microinstruction. These signals
include the control inputs to the Am29751 PROM and a four-bit
branch address field.

The field definition for the pipeline register bits i1s shown
in Figure 2. The definition is as follows:

Bit Position Description
0-3 Am2901 Data Input
4=-7 Am290¢1 B Address
8-11 Am2901 A Address
12-14 ALU Function
15 Am2%01 Carry Input
16-18 Am2901 Source Operand Select
19 Am25L5253 Shift Matrix A Input (MUX,)
20-22 Am2901 Destination Control
23 Am25LS253 Shift Matrix B Input (MUX,)
24-27 Next Microinstruction Address Select Control
28-31 Microprogram Branch Address:

The abgve definition shows 24 of the bits in the pipeline
register are used to control the CPU section of the machine and
8 bits of the pipeline register are used for next microinstruction
address control. It should be remembered that when the microprogram
memory is being loaded with data, it is being loaded four bits
at a time. The heavy lines in Figure 2 show the breakout of the
four fields for each of the possible binary positions of the
RAM and MUX SELECT switch positions. Thus, the microprogram
memory is loaded four bits at a time across the eight individual
fields associated with each microprogram memory word.

The next microinstruction address control four-bit field
is used to select the source of the next microinstruction. This
source may allow for a conditional address or an unconditional address
select. The definition of the four-bit field associated with
the Am2906¢ Evaluation and Learning Kit is shown in Figure 3.
Here, the four-bit instruction field associated with the PROM is
P3, Py, P71, and Py, where Pg = A1, P; = Ay, P2 = A3, and P3 = Ay.
The condition code enable bit controls the Ag input to the PROM. If
both the Ag and Ag inputs contain the same address selection, the
next address is unconditional. If the Ap and Ap inputs point to
different sources for the next address selection, the source of
the next microinstruction address is conditional.
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o It is this set of instructions defifed in Figure 3 that is

o contained in the Am29751 PROM. This PROM is installed in the

kit assembly in a socket (U27) such that the user can define different
microinstruction source select control sets and install other

PROM's in this position. The actual coding for the PROM is shown

in Figure 4.

CENTRAL PROCESSOR UNIT (CPU)

The heart of the CPU section.in the Am2900 Evaluation and
Learning Kit is the Am2901 Four-bit Microprocessor Slice. This
device contains a l6é-word by 4-bit, 2-port RAM, a high-speed ALU,
and the associated shifting, decoding, and multiplexing circuitry
required by a high-speed cascadable element. A nine-bit micro-
instruction word is used to control the various functions of the
device. The nine-bit microinstruction word is organized into
three groups of three bits each and selects the ALU source operands,
the ALU function, and the ALU destination register. While the
Am2900 Evaluation and Learning Kit contains only one Am2901, the
Microprocessor Slice is cascadable with full lookahead or with
_ ripple carry, has three-state outputs, and provides various status

‘ flag outputs from the ALU,

SHIFT MATRIX CONTROL-

Referring to the block diagram of Figure 1, the Am2901
Microprocessor uses multiplexers at the four bi-directional shift
data pins. The most significant bit or least significant bit data
transfers occur over these lines when the device is in the shift
mode. The Am2900 Evaluation and Learning Kit uses two Am25LS5253
Multiplexers to perform this function. The Am25LS253 Multiplexer
select input (A and B} are controlled from the pipeline register
MUXgn and MUX; control bits. Thus, the multiplexer can perform
four different functions. These include enter zeros, single
length rotate, double length rotate, and arithmetic shift. These
four functions can be performed in either the shift left mode
or shift right mode of operation as shown in the coding table of
Figure 5.

STATUS REGISTER

The status register in the Am2900 Evaluation and Learning Kit
utilizes an Am25LS08 Four-bit Register with clock enable. The
status register is used to store the fou¥ status flags on the Am2901
Microprocessor. These status flags are the carry output, overflow,
zero detect, and sign bit.

The Am25LS08 Register clock enable function is used to hold
the data in the status register during conditional tests. Thus,
whenever the microprogram control function is a conditional test
on one of the bits in the status register, the clock enable input
is brought HIGH so the Am25LS08 Register will retain the current
status word. This allows seguential testing of all four status
bits in the Am2900 kit. Control for the clock enable input to
the register comes from the Am23751 Microprogram Seguencer Control
PROM,

3-6

Next
p Instruction MUX Status
Code CCE Select File OR Register
0 0 Reg Inhibit Low Inhibit
1 PC i
i} Reg Inhikhit Low Enable
1 .
2 0 PC Inhibit Low Enable
1 .
3 0 D Inhibit Low Enable
1
4 0 Reg Enable &Push|Low Inhibit
1 PC Inhibit
5 V) Reqg Enable &Push|Low Enable
1
6 0 File Enagble & Pop ! Low Enable
1 i
7 0 File Inhibit Low Enable
1
0 Flle Inhibit 1.
8 1 BC Enable & Bop| ¥ Inhibit
5 —
9 1 PC Enable & Push) ¥ Enable
10 g pC Enable & Pop |Low Enable
0 File Inhibit e
11 1 PC Enable & Pop Low Inhlblt-
0 PC - fq s
12 1 Reg Inhibit Low Inhibit
0 PC i fqls
13 il Reg Inhibit Low Inhibit
0 PC 1 . .
14 1 Reg Inhibit Low ;nhlblt
0 PC N s
15 il Reg Inhibit Low Inhibit
Figure 4A

Function Definition of Am29751

Next Micreoinstruction Control PROM
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DETAILED DESCRIPTION OF SWITCH AND DISPLAY FUNCTIONS

The outputs of the Am25LS08 Status Register drive an Am9309
Four-input Multiplexer. This allows one of the four status
register bits - to be selected at the multiplexer output as the
condition code enable (CCE) input, In the Am2900 Kit, the Am9309
Four-input Multiplexer select inputs are controlled from the
pipeline register. The actual control signals used are the two
least significant bits of the next address control field associ-
ated with the Am29751 Microsequencer Control PROM. This allows
the condition code multiplexer select inputs to share the same
field as the next address control field for the microprogram sequencer.

RAM and MUX SELECT Switches

Three toggle switches (S1, S2, S3) are used to implement the
RAM and MUX SELECT control. They can access eight
different fields which we will refer to as binary 0 through binary 7.
The RAM and MUX SELECT switches control the three 4-bit LED displays
as well as the select of an Am27S503 Microprogram Memory. Figure 2 shows the
RAM location, bit definition, and the field definition for the eight
RAM and MUX SELECT switch positions associated with the Random Access
Memories of the pipeline register. Figure 6 shows the definition

The actual data entered intoc the data fields can be thought
of in several different numbering schemes. For example, the
A and B address fields for the Am2901 might be thought of in a
hexidecimal format. These fields might also be considered to be
a binary format. Data entered into the field connected1to the
data inputs of the Am2901 might be conside;ed to be two's complement
data or magnitude only data. Fields assocc.iated WL§h the ALU,
source operand selection and destinationlcontrol might be thought
of as octal represented fields. Other fleIQS such as carry-in
may be thought of as a single bit field having the capability of
supplying only a logic zero or a logic one.

The following table is included for users not familiar with
the standard binary number representations. This table shows the meost
commonly used representations for the various number schemes that
are useful when using this kit.

of the eight fields associated with the data display LED's as
controlled by the RAM and MUX SELECT switches. : i i
: | & wox Pate Diseley |
* Select
MEMORY ADDRESS Switches Switch 8 4 2 1 Function
The MEMORY ADDRESS switches are used to select one of the 0 Y3 Yo Yy ¥y Am2909 Output
sixteen possible addresses of the microprogram memory. These !
MEMORY ADDRESS switches (88, S9, 510, and 811) are used to select 1 HP5 uP2 Py HP, Am2901 Output
memory words binary 0 through binary 15. The switches connect
to the D inputs of the Am2909 Microprogram Sequencer and are 2 Cn+4 OVR F3 F=0 Am2901 Flags
enabled by forcing the Am2909 internal multiplexer to select the _ . _ i
D input. This is accomplished using the RUN/LOAD switch to be described 3 Parity| CCE P G Miscellanecus
later. Note the Am29751 PROM must be installed to inhibit ORg,
ORy and ORz from overriding MEMORY ADDRESS switches, 4 5T3 5Ty 5Ty STy Status Register |
I
MEMORY DATA Switches 5 Qo 03 RAMg | RAMj Am2901 Shift
The MEMORY DATA switches provide the control of the individual 6 BUS3 | BUSp| BUS; | BUS, Am2307 Bus
data bits to be written into the microprogram memory. These , i
MEMORY DATA switches (S4, S5, S6, and S7) are connected to the . 7 R3 Rj Ry Ro Am2307 Receiver
data inputs of the Am27503 RAM's. Since ®he Am27503 RAM's invert
the data from data-in to data-out, the MEMORY DATA switches are
connected such that the opposite polarity is applied to the RAM's, i
That is, when the MEMORY DATA switches are in the binary 0 position
{pointing toward the bottom of the PC board} they apply a high
logic level to the inputs to the Am27503 RAM's. Thus, when this
data is loaded into the RAM's, it will appear at the RAM output FIGURE 6: The DATA DISPLAY Field Definition as &
as a logic LOW level. This results in correctly entering binary ¢ Function of the RAM and MUX SELECT Switch
when the MEMORY DATA switches are in the binary (¢ position. Position
3-10 3-11
e
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BINARY CODE REPRESENTATIONS

Code Decimal Octal Hexidecimal Two's Complement
0000 0 0 0 0
0001 1 1 1 1
0010 2 2 -2 2
0011 3 3 3 3
0100 4 4 4 4
0101 5 5 5 5
0110 6 6 6 6
0111 7 7 7 7
1000 8 10 8 -8
1001 9 11 9 -7
1010 10 12 A -6
1011 11 13 B -5
1100 12 14 c -4
1101 13 15 D -3
1110 14 16 E -2
1111 15 17 F -1

MEMORY LOAD Switch

The MEMORY LOAD switch (S14) is & momentary switch used to
load data into the Am27303 Microprogram Memories. Each time
the MEMORY LOAD switch is depressed, data from the MEMORY DATA
switches will be loaded into the address selected by the MEMORY
ADDRESS switches of the memory field selected the RAM and MUX
SELECT switches. For this to occur, the RAM/LOAD SELECT switch
must be in the LOAD position.

RUN/LOAD Switch

The RUN/LOAD SELECT switch (512} is used to control the
basic loading of the microprogram in memory. When the RUN/LOAD
switch is in the LOAD position, the MEMORY LOAD switch can be
used to enter data into the microprogram memcry. When the RUN/
LOAD switch is in the RUN position, the MEMORY LOAD switch
is inhibited and the microprogram sequencer control PROM (U27)
is enabled. Thus, the Am2900 Evaluation and Learning Kit will be
in the "Operate" mode. The kit will now perform all of its functions
using either the SINGLE STEP CLOCK or the CLOCK PULSE GENERATOR.

ks

SINGLE STEP CLQCK Switch

The SINGLE STEP CLOCK switch (S153)
clock pulse for the Am2900 Evaluation and Learning Kit., This
clock pulse is applied to all clocked devices in the kit. That is,
the clock pulse is applied to the Am2901, Am2909, status register,
and pipeline register. The SINGLE STEP CLOCK switch is a momentary

is used to generate a

£

"a pulse generator,

switch that generates one clock pulse each time it is depreased.
The switch is debounced using an Am9314 Latch. This ensures that
one and only one clock pulse will be applied to the system for
each depression of the SINGLE STEP CLOCK switch.

It is important to understand that the SINGLE STEP CLOCK
switch is enabled when the RUN/LOAD switch is in the LOAD position.
That is, when the microprogram memory is being loaded, the contents
of the memory can be clocked into the pipeline register and executed
in the Am2901 Microprocessor. This is a very useful feature for
loading 'data into the RAM inside the .Am2901,.

When the SINGLE STEP/PULSE GEN gwitch (S13) is in the PULSE
GEN mode, the SINGLE STEP CLOCK switch is inhibited and does not
affect the clock input to the kit.

SINGLE STEP/PULSE GENERATOR SELECT Switch

The SINGLE STEP/PULSE GEN switch is used to select the source

. of the clock pulse for the Am2900 Evaluation and Learning Kit.

The clock input can either be the SINGLE STEP CLOCK switch {S15)
or can come from an external pulse generator. If an external
pulse generator is used, it is attached to the PULSE GEN terminals
at the R9 position. The pulse generator coax cable shield should
be attached to the terminal closest to the bottom of the board

and the pulse generator center wire should be attached to the
terminal closest to the top of the board. The terminal closest

to the bottom of the board is connected to ground in the Am2900
Evaluation and Learning Kit.

CLCOCK TEST Turret Terminal

A turret terminal labeled CLOCK TEST is soldered intec the
center left-hand side of the printed circuit board. This terminal
connects directly to the clock line of the Am2900 Evaluation and
Learning Kit. This test point is supplied as a convenient test
output for connection of an oscilloscope when using the kit with
This test point represents the actual clock
signal applied to the Am290l1 Microprocessor and Am2909 Microprogram
Sequencer as well as the remainder of the kit registers.

SYNC TEST Turret Terminal

The SYNC TEST test point is connected directly to the carry cutput
of the incrementer in the Am2909 Microprogram Sequencer, This test
point is intended to be used as a convenient sync point in evalu-
ating microprogram sequences. The limitation of using this point,
of course, is that the microprogram must be written so that binary 15
of the microprogram memory addresses is used only once. The
result is that a sync pulse will be generated each time the micro-
program sequencer address outputs is binary 15! From this discussion,




it can be seen that if the user wishes to provide a sync pulse,
he can branch in microprogram control from the current address
to address 15 and then branch back. This will generate a SYNC
pulse at the desired time.

Thus, if the Am2900 Evaluation and Learning Kit is programmed

properly, the SYNC TEST turret test pint can be used to provide
synchronization to an oscilloscope,

Vee and GROUND Turret Inputs

The Voe and GND inputs are used to apply power to the 2m2900
Evaluation and Learning Kit. The Voo terminal should be connected
to the +5 volt connection of a 5 volt power supply capable of
delivering 2 amps of current. The GND terminal should be connected
to the Ground terminal of the +5 volt power supply. HNeedless to
say, if these terminals are accidentally reversed, many of the
integrated circuits In the kit will probably be destroved.
Therefore, the user should take particular care in connecting the
power supply to the kit.

ADDRESS SYNC TURRET TERMINAL

A turret terminal labeled ADDRESS SYNC is soldered into the.
lower left-hand corner of the printed circuit board. This terminal
connects directly to the A = B output of an Am9324 Comparator.

The purpose of this test point is to provide a synchronization

or reference signal for the microprogram address field when using
the kit with conjunction with, an oscilloscope., Four bits of one
comparator input field are connected to the MEMORY ADDRESS switches.
The other four-bit field of the comparator is connected to the
Am2909 Y output field. In this manner, the MEMORY ADDRESS switches
can be used to select the microprogram address at which a sync
pulse or reference pulse is provided. This provides a handy

signal for use as a reference trace on the oscilloscope.

Fis

3

PROGRAMMING GUIDE

A handy programming guide defining the functions of the various
control fields in the 32-bit microprogram word is given in Figure 7.
This figure defines the five different control fields of the micro-
program word, These fields include the ALU, the ALU source operand,
the ALU destination, the shift array multiplexer, and the next
microinstruction control fields. These five fields make up 15
bits of the microprogram memory word.

Seventeen bits of the microprogram memory word are used to
provide undecoded control. These include the four-bit data field,
the four-bit A address field, the four-bit B address field, the
four-bit branch address field, and the carry input. In these
five cases, the binary value in the field represents the binary
value required for control.

The user will find the programming guide of Figure 7 a most
useful tool in programming the kit. Therefore, it is recommended
that the user become very familiar with this guide and all the
various functions it represents.

ALTERNATE NEXT INSTRUCTION PRCM

The Am2900 Evaluation and Learning Kit is designed such that
a next address PROM can be used in conjunction with the OR inputs.
While this technique does not demonstrate all the capability
of conditional OR branching, it does allow the kit user to experi-
ment with the OR inputs. Figure 8 shows the next address select
control functions and Figure 9 shows the PROM coding for an
Am27L809 PROM with OR _branching. When using such an alternate
PROM with the Am2900 fvaluation and Learning Kit, the user should
remember the initialization problem. That is, when power is applied
to the Am2900 Kit, the status register, pipeline register and
microprogram memory c¢an turn on in either the logic 1 or logic 0
state, Thus, some of the Am2909 outputs may be forced HIGH due
to the OR inputs. When the RUN/LOAD select switch is placed in the
load position, it is possible for the address select switches to

" be overridden by the OR inputs. Therefore, when power is initially

applied to the Am2900 kit, an initialization procedure is required.
The recommended procedure is to place the memory address select
switches to the binary 15 position and use this word in microprogram
memory to clear the Am2909 next address control function such that
the Am27L509 PROM cannot conditionally force any of the OR inputs
HIGH. This word should be loaded into the pipeline register using
the SINGLE STEP CLOCK momentary switch. Now, the microprogram memory
can be loaded in the normal fashion, 1In fact, an initialization
procedure may be reguired each time a new program is loaded. If

data is to be entered in the Am2901 to initialize the RAM inside

the four-bit microprocessor slice, microprogram memory word binary 15
should be used for this function. Then, the user does not have to
worry about the conditions of the various flags in the status
register.
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SECTION IV

Assembly of the Am2900 Evaluation and Learning Kit

INSPECTING THE Am2900 KIT

Carefully unwrap all the components in the Am2900 package
being careful not to damage the leads of any components., Examine
all the components and the printed circuit board for damage.

Count all of the parts. If any components are missing or damaged,
return the entire kit to the place of purchase for exchange.
After all the components have been identified and determined to
be in the kit, the assembly process should begin.

The assembly instructions in this kit are intended to allow
the builder the capability of easily assembling and testing the
kit with a minimum of electronic test equipment. Should trouble-
shooting be required, a volt/ohmmeter will be a handy test aid.
All components are intended to be mounted flat on the printed
circuit board.

EXAMINING THE PRIﬁTED CIRCUIT BOARD

The printed circuit board supplied with the Am2900 Evaluation
and Learning Kit is a high quality, two-sided printed circuit board
with plated through holes. The board contains markings showing
all the component locations and nomenclature. Before assembling
the components, the printed circuit board should be examined
very carefully in order to assure gquality workmanship throughtout.
That is, the board should be examined for any apparent briding
between traces, improper plating or lack of holes in pad locations.
Advanced Micro Devices has made every effort to ensure the printed
circuit board is of the highest quality to provide long life to
this kit.

TESTING

Throughout the assembly of the Am2900 Evaluation and Learning
Kit, various tests will be performed using the LED display as
an indicator. 1In order to accomplish this testing method, it will
be necessary to have two jumper wires of approximately 12 inches
in length to be used as intermediate connection aids. It is
recommended that a No. 22 or No. 24 solid insulated wire be used
with approximately 1/8 inch of the sleeving stripped from each
end. Throughout the testing, these wires will be inserted in
various holes in the printed circuit board to provide a connection
path to the LED. In all cases, the test wire should NOT be
soldered to the PC board. It should only be inserted into the
hole and held in place by hand.




If a defective component is found, fill out the warranty
exercise card and return the component and card to Advanced
Micro Devices for replacement. Please be sure the component
is defective before returning it.

It is very important not to touch any pin or PC track except
that specified as the final location while using the test wire.
In other words, do not count pins around the IC's location by
touching the wire to the printed circuit board while counting.
The reason for this, of course, is that the wire could cause
accidental shorts between two undesired points,

GENERAL TESTING

It is possible to perform general testing on any integrated
circuit printed circuit board that is operating in a single
step clock mode by using a voltmeter. Normally, such test procedures
involve using the voltmeter to evalute logic HIGH's and logic
LOW's. By definition, a logic HIGH is any voltage above 2.4V
and a logic LOW is any voltage below 0,4V,

There are times when an output can be in the three-state
mode; that is, the high impedance state. When using a voltmeter
to measure this voltage, the impedance of the voltmeter may affect
the reading. When a very high impedance voltmeter is used, the
voltage reading may be about 1.5 volts. In other cases, however,
an output in the high impedance state may read a voltage above
2.4 volts and the user may erroneously assume a logic HIGH state.
In order to be sure of the voltage of three-state outputs, it is
recommended that a voltage reading between the output and ground
be taken and a voltage reading between the output and the veo
be taken. If the sum of the voltage readings just taken is equal
to the voltage between Vee and ground, then there is no measurement
problem and the output vogtage is known. Remember, a HIGH and
a high impedance can measure the same voltage. If the sum of the
voltages between the output and ground and the output and Voo
is considerably different than the normal Vgc to ground voltage,
then the voltmeter impedance is affecting the reading and most likely
the cutput is in the high impedance state., Such a problem should
not be encountered with this kit; however, the user should be
aware of good trouble-shooting practices for three-state outputs.

kS

SOLDERING IRCN

The soldering iron used in assembling the Am2900 Evaluation and
Learning Kit should be a low wattage, pencil-type soldering iron.
The wattage of the soldering iron should be approximately 30-40 watts
and a sharp, chisel-type point performs best. If an excessively hot
soldering iron is used in the assembly of this kit, the user may
accidentally lift the circuit traces from the printed circuit board.
This will result in permanent damage to the printed circuit board.

= < -

TURRET TERMINALS

The Am2900 series kit is supplied with seven turret terminals.
Two of these terminals are used to connect power and ground to
the PC board. Two of the terminals are used to connect a coaxial
cable to the board for use with a pulse generator. Three of the
terminals are used for test points on the board when evaluating
the Am2900 series components with an oscilloscope.

Assemble the seven turret terminals to the printed circuit
board by installing them in the front of the board. If a swaging
tool is available, it should be used to mechanically secure the
terminals to the printed circuit board. If no such tool is avail-
able, the terminals may be soldered directly to the printed circuit
board without swaging. In either case, solder the terminals to
the PC board.

Install the seven terminals in the following positions:

Assembled Location
{J Vee
i GND

I Address SYNC

3 Sync Test

] Clock Test

- Pulse Gen (close to R9)
J

At this point, two wires should be attached to the Vg and
ground terminals to check for power supply shorts on the printed
circuit board. An ohmmeter can be connected between the V¢
and ground wires and infinite resistance should be measured., If
no ohmmeter is available, a current limited power supply can
be connected and the current meter reading should be 0 amperes.

If a short circuit is found between these input terminals,
the board should be examined very carefully for shorts. If none
can be found but very low ohmic resistance is measured, do not
continue assembling the kit, Instead, contact the local AMD sales
representative or distributor.



RESISTORS CAPACITORS

Dufing this portion of the assembly, all resistors used in the Two types of capacitors are supplied with the Am2900 Kit.
Am2900 kit will be installed. Identify all resistors by their color There are 14 0.022yF high-frequency decoupling capacitors and
coded bands and wattage., Properly bend the leads on each resistor such 3 polarized 60yF decoupling capacitors.

that they can be easily inserted in the holes on the printed circuit
board. Install each resistor, solder both ends in place and then clip
the leads on the back of the PC board. The resistors should lay flat
on the printed circuit board and sharp bends at the resistor ends
should be avoided. 1Install the resistors in the otder listed below.

CAUTION: Capacitors C7, €13, and Cld are polarized. Be sure
—_——— the positive (+) end is placed in the pasitive (+)
position on the PC board..

s i

Assembled Location Value Wattage
The leads on the three polarized capacitors should be formed so
O R1 220089 1/4 W the devices will easily lay on the printed circuit board. The high-
o R2 22008 1/4 W frequency decoupling capacitors will install directly into the printed
() R3 22008 1/4 W circuit board. 1Install the capacitors and solder into place one at
(] R4 220090 1L/4 W a time in the following order:
() RS 22008 1/4 W .
O R6 22000 1/4 W Agsembled Location Value Polarized
(| R7 22008 1/4 W
O R8 22000 1/4 W O cl 0.0220F No
(] R9 51n 1/2 W () c2 0.022ypF No
D R10 10000 1/4 W () C3 0.022yF No
(m] R11l . 510 1w - (] c4 0.022yF No
(m] R12 510 1w ’ O C5 0.022yF No
D R13 51Q 1w (] Cé6 0.022yF No
O R14 51Q 1w () c7 60.0uF Yes
[m] R15 3900 1/4 W o c8 0.022yF No
] R1l6 390Q 1/4 W (=] Cc9 0.022yF No’
(m] R17 390Q 1/4 W O Clo0 0.022yF No
(m] R18 3900 1/4 W o Cll 0.022yF No
(m] R19 3900 1/4 W (] clz2 0.022yF No
d R20 390Q 1/4 W O Cl3 60.0yuF Yes
(m] R21 3900 1/4 W () Cl4 60.0uF Yes
d R22 3900 1/4 W ) Cl5 0.022F No
() R23 3908 1/4 W O Cl6 0.022\F No '
(m R24 3900 1/4 W m] Cl7 0.022VvF No
D R25 3900 1/4 W
m ] R26 3900 1/4 W

After all the resistors are installed and soldered in place, care-
fully examine the printed circuit board to be sure no shorts have been
accidentally introduced. BAgain, the ohmm&ter reading between the V¢e
and ground terminal should be infinity. If a power supply is connected
to the Veoe and ground terminals, the reading should be 0 amperes.

e,



After installing all the capacitors, carefully check the printed
circuit boards for any shorts that may have been introduced during this
installation. Also, carefully check the polarity of the three polarized
capacitors with respect to the marking on the printed circuit board.

If the polarity of these capacitors does not match that shown on

the printed circuit board, remove these capacitors and install them

in the proper polarity connection. At this point, an ohmmeter may
again be used to check for shorts. It should be remembered that the
decoupling capacitors now have to be charged to the voltage used in
the chmmeter to supply the measuring current. Thus, the ohmmeter
needle will jump to a resistance value and decay towards infinity
while the capacitors are charging. At this point, some very high
resistance value may be measured as the leakage value of the capacitors.
If the power supply test is used, only an extremely negligible current
should be read on the ampere meter. If a high current value is read
or a very low continuous resistance is measured using the ohmmeter,

- a short may have been introduced to the PC board during this operation.

If none can be found, then one of the capacitors may be defective,

If all else fails, remove the capacitors one at a time until the short
circuit disappears. Then, reinstall the remaining capacitors and
repeat the test,

SWITCHES

Carefully identify the 15 switches gupplied in the Am2900 kit. The
13 toggle switches may be installed in any fashion and their position
is not critical. The two momentary switches must be installed in the
proper fashion if the polarity of the momentary contact is to be in
the proper direction.

CAUTION: The momentary switches require insertion in the proper
— polarity if the Am2900 kit is to operate satisfactorily.
Read the momentary switch installation in detail before
assembling switches S14 and Sl15. ‘
Install the 13 toggle switches first., Each switch should. be
fitted in position and soldered in place. Care should be taken when
the switches are being installed such that they are not damaged during
the assembly., This could result if the printed circuit board is turned
upside down to solder the switches in place and too much pressure isg
applied to the top of the board.

Assembled Location Type
1 Sl Toggle
o 52 Toggle
() S3 Toggle
() sS4 Toggle
(] S5 Toggle
() 56 _Toggle
o 57 Toggle
(] s8 Toggle
O S9 Toggle
) 510 Toggle
O 511 Toggle
O 512 Toggle
) 513 Toggle

NOTE: The plastic covers should be removed from the toggle

switch handles and discarded.



MOMENTARY SWITCHES

CAUTIQON: Important - Read First

Carefully test the action of the momentary switches to determine
the spring loaded direction. Both switches must be installed such that

the switch handle normally points to the top of the PC board and is
pulled towards the bottom of the PC board in the momentary position.
Install the switches as follows.

Assembled Location Type
Cj : S14 Momentary
0 s15 Momentary

Top of PC Board

pa ‘ Memory z
Load
v
sl4
Single
¢ Clock
S15

A

Bottom of PC Board

The switches S14 and S15 should normally point toward the top of
the PC board and should have the momentary motion toward the bottom
of the PC board.

LIGHT EMITTING DICDES (LED's)

The Am2900 Evaluation Kit contains 12 light emitting diodes (LED's)
to display data and various other signals. The LED's must be installed
in the printed circuit board in the proper polarity. The correct
orientation for the LED is shown in the figuré below. Note that the
polarity of the LED is determined by the lead length of the device.

Short Lead

Long Lead
(_ My

\’
____’*,_..

CAUTION: The Light Emitting Diodes should be installed in

———— the printed circuit board with approximately 1/16
inch clearance between the diode base and the
printed circuit board. A wooden toothpick is
supplied with the Am2900 series kit to be used
as an installation tool. The LED should be
installed in the printed circuit board and the
wooden toothpick placed between the LED base
and the printed circuit board as a spacer. The
LED should be pressed firmly against the tooth-
pick, positioned properly, the leads bent on the
back of the board such that the LED will be held
in a straight, vertical position. Both leads of

the LED should then be scldered in place and the
toothpick removed. ‘

«——— Marking on PC Board

After all 12 LED's have been installed, they should be bent
towards the bottom of the board to about a 30 angle from vertical.
-This will allow the LED's to point directly at the user of the Am2900
kit. Thus, maximum brilliance of the LED's will be seen by the user.

Install the LED's as follows.

Assembled Location
Data - 1
Data - 2
Data - 4
Data - 8

Memory Address -
Memory Address -
Memory Address -
Memory Address -

oooo oooo
o
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Pipeline Register -
Pipeline Register -
Pipeline Register -
Pipeline Register -

gooag
=R S SN

i i t the Veo
The LED's may be tested in the followling manner. Connec
terminal of the PC board to the positive terminal of the power supply.
Touch a wire connected to the ground terminal of the power supgly to
the points indicated below and the appropriate LED should illuminate.

LED ' IC Location-Pin Number
Data Display 8 U39-6
Data Display 4 : U38-6
Data Display 2 U37-6
Data Display 1 U36-6
Pipeline Register 8 U26-12
Pipeline Register 4 U26-9
Pipeline Register 2 u26-17
Pipeline Register 1 U26-4
Microword Memory 8 . u25-6
Microword Memory 4 U24-6
Microword Memory 2 U23-6
Microword Memory 1 u22-6

RUBBER FEET

The Am2900 Evaluation and Learning Kit is supplied with six
rubber feet, six #4 machine screws, and six $#4 nuts. AFtach the
rubber feet to the back of .the printed circuit board using Fhe_
machine screws and nuts. The machine screw head should bg inside
the rubber foot with the nut secured to the top of'the ?rlnted
circuit board. By attaching the rubber feet at this point, a
convenient support base is supplied for the bottom of the printed
circuit board.

Assembled Description

O Six yubber feet

If the reader is not familiar with IC's, he should review the
remainder of the assembly procedure first.
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INSTALLING THE INTEGRATED CIRCUITS

Carefully identify each integrated circuit so that there will be
no confusion with installing the devices in their proper location, )
The assembly of the Am2900 kit is defined such that a minimum of trouble-
shooting will be required if accidental solder bridges should result
during assembly. In addition, this procedure should allow easy identi-
fication of a defective component should this be required.

The assembly procedure for the integrated circuits in the Am29%00
kit will be based on identifying various operational blocks of the kit.
That is, the multiplexer for the data and microword memory selector
IC's will be installed first. Then the Am2909 will be installed and
the multiplexer used to test the outputs of the 2909. Next, the
multiplexer for looking at the RAM memory output will be installed
and tested. Following this, the eight l6-word by 4-bit Random Access
Memories will be loaded onto the PC board and functionally tested.

This process of identifying particular blocks of the circuitry and .
installing the integrated circuits into the printed circuit board will
be followed and each portion tested until the entire kit is assembled.

Each integrated circuit in the Am2900 kit must be installed in the
pProper orientation. The PC board is marked with a (#) representing

the pin 1 positicon for each IC. The IC's denote pin 1 in one of the
following ways.

Pin 1 + | e Pin 1 -+ Pin 1 *

It is very important not to touch any pin or PC track except
that specified as the final location while using the test wire.

‘In other words, do not count pins around the IC's location by

touching the wire to the printed circuit board while counting,
The reason for this, of course, is that the wire could cause
accidental shorts between two undesired points.

Note there are two '157 multiplexers in the Am2900 Kit. One
is a SN748157 and the second is a Am25LS157. Be sure to install
them in the proper location.




PROM SOCKET

One 1l6-pin socket has been supplied with the am2900 kit. It is
to be installed in the U27 position and will hold the Am29751 32-word
by B8-bit PROM. This device controls the next address function select
of the Am2909 bipolar microprocessor sequencer. A socket has boen
supplied for this device (U27) so that the user can modify the instruc-
tion set at a later time if he desires. All that is required is to
purchase a new Am29751L PROM and program the device such that it
executes the new control functions designed by the user.

Install the 16-pin socket in position U27.

Assembled Device Location
| 16-pin socket u27

Do not install the Am29751 PROM yvet.

DATA DISPLAY MULTIPLEXER

Select four of the Am25LS151 devices and install them in circuit
positions U36, U37, U38 and U39.

Assembled Location Device Installed
| U3e6 Am25L5151
O U37 Am25LS151
D U3s Am25LS151
] U3g AmZ5L5151

Operation of the multiplexer may be tested as follows. Connect
the PC hoard to the +5 volt power supply. Put the RAM and MUX SELECT
control switches into the logic zero position with the bat handles

pointing towards the bottom of the board. Turn ON the power. All four

LED's assoclated with the DATA DISPLAY should be ON. Connect one end
of a test probe or wire to the ground terminal of the power supply.
By using the other end, proper operation of each data input to the
multiplexer can be tested by grounding the appropriate input pin,

The testing is accomplished by following the table shown below. With
the RAM and MUX SELECT switches in the 000 position (kinary 0), each
D0 input of U36, U37, U38 and U39 are selected. By sequentially
grounding each of these inputs (pin 4), the’ appropriate weight LED's
l, 2, 4 and 8 can be turned OFF. The table below shows the correct
RAM and MUX SELECT position associated with each input for a complete
test at this point.

RAM and_MUX MUX Data Data Data Data
Select Switches Input Display-1 Display-2 Display-4 Display-8
(Binary}o DO U36-4 U37-4 U38-4 U39-4

1 Dl U36-3 u37-3 U38-3 U39-3
2 D2 U36-~2 U37-2 U38-2 U3g=-2
3 D3 U36-1 U37-1 u3isg-1 U39-1
4 D4 U36=-15 U37-15 . U3g-15 U39-15
5 D5 U36-14 U37-14 U38-14 U39-14
6 Dé U36-13 U37-13 U3g-13 U39-13
7 D7 U36-12 U37-12 U38~12 U3g-12

MICROWORD MEMORY DISPLAY MULTIPLEXER

The MICROWORD MEMORY display is used to view the output of the
microprogram memory four bits at a time. Select four Am25LS151 multi-
plexers and install them in U22, U23, U24 and U25,.

Assembled Location Device Installed
n U22 Am25LS151
O U23 Am25LS151
(] uz4 Am251.5151
O U2s Am251,5151

The microword memory display multiplexer may be tested in exactly
the same fashion as was the data display multiplexer,

By sequentially grounding each of the inputs described in the table
below, the microword memory multiplexer can be tested. The table
below shows the correct RAM and MUX SELECT switch positions associated
with each input if the complete test is desired at this POlnt.

RAM and MUX MUX Microword Microword Microword Microword

Select Switches Input Memory-1 Memory-2 Memory-4 Memory-8
0 DO u22-4 U23-4 U24-4 U25-4
1 D1 u22-3 U23-3 U24=-3 U25-3
2 D2 u22-2 U23-2 U24-2 U25-2
3 D3 Uu22-1 U23-1 U24-1 U25-1
4 D4 U22-15 U23-15 U24-15 U25-15
5 D5 U22-14 U23-14 U24-14 U25-14
6 D6 Uz22-13 U23-13 U24-13 U25-13
7 D7 U22-12 U23-12 U24-12 U25-12

When the above points are gounded, the appropriate MICROWORD MEMORY
LED will turn OFF.



RUN/LOAD SELECT

Select an Am9314 integrated circuit and install it in the
Ull position. This I. C. is used as a switch debouncer.

Assembled Location Device Installed

O Ull Am9314

In order to test the LOAD/RUN switch operation, insert the
test jumper wire in Ull, pin 13 and U26, pin 4. With the RUN/LOAD
switch in the LOAD position, the pipeline register-1 LED will
be off. When the RUN/LOAD switch is changed to the RUN position,
the pipeline register-l1 LED will be on. Remove the test jumper
wire.

CLOCK CIRCUITRY

The clock circuitry associated with the Am2900 series Evaluation
and Learning Kit is used to select either the SINGLE STEP CLOCK
or the PULSE GENERATOR clock. Select an Am9309 multiplexer and
an SN745157 multiplexer.

CAUTION: The Am2900 Evaluation and Learning Kit includes two
types of '157's, One device is an Am25LS5157 while the
second device is an SN745157. The device to be installed
in U28 is the SN74S157.

Intall these two circuits as follows:

Assembled Location Device Installed
{J U29 Am9309
O U2s SN745157

The clock circuitry can be tested in the following manner.
Connect the test jumper wire between the CLOCK TEST turret
terminal and U26, pin 4. Place the RUN/LOAD select switch in the
LOAD position. Place the SINGLE STEP CLOCK/PULSE GEN select switch
in the SINGLE STEP CLOCK position. Connect the power supply to
the printed circuit board and apply power. The PIPELINE REGISTER-1
LED should be OFF. Depress the SINGLE STEP CLOCK momentary switch
and the PIPELINE REGISTER~1 LED lamp should turn ON.

Change the RUN/LOAD switch to the RUN position. The PIPELINE
REGISTER-1 LED lamp should be OFF, Again, depress the SINGLE
STEP CLOCK momentary switch and the PIPELINE REGISTER-1 LED lamp
should turn ON. Next, switch the SINGLE STEP/PULSE GENERATOR
switch to the PULSE GEN position. The PIPELINE REGISTER-1 LED.
lamp should be OFF. Using a second test jumper wire, momentarily
connect U29, pin 3 to Vpe. The PIPELINE REGISTER-1 LED display
should turn ON. Care should be taken during this testing such
that no pins are accidentally shorted. Remove both test jumper
wires. Connect one end of a test jumper wire to U2l1, pin 1 and
connect the other end of this jumper wire to U26, pin 4. Place
the RUN/LOAD toggle switch in the LOAD position. The PIPELINE
REGISTER-1 LED display should be OFF. Now switch the RUN/LOAD
toggle switch to the RUN position. The PIPELINE REGISTER-1
LED lamp should be ON, Remove the test jumper wire.
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MICROPROGRAM SEQUENCER

The microprogram sequencer controls the l6-word by 32-bit

writeable microprogram control memory. Select the Am25LS157

multiplexer and install it in U2l1, Select the Am2909 Microprogram
Sequencer and install it in the Ul0 position. Select the Am29751
PROM and install it in the PROM socket, U27.

Assembled Location Device Installed
0 u21 : AM25LS157
0 ulo Am2909
0 u27 Am29751

The Am2909 MEMORY ADDRESS SELECTION switches can be tested
as follows. Apply power to the printed circuit board and place
the RUN/LOAD select switch in the LOAD position. Place the RAM
and MUX SELECT switches in the binary 0 position, Now exercise
the MEMORY ADDRESS switches while viewing the data display LED's.
When the MEMORY ADDRESS switches 1, 2, 4, and 8 are LOW or in
the logic 0 position, the data display LED's should be OFF.
MEMORY ADDRESS switches 1, 2, 4, and 8 should control data display
LED's 1, 2, 4, and 8, respectively., That is, with MEMORY ADDRESS-1
switch (S8) in the logic 0 position, DATA DISPLAY-1 LED should
be OFF. When this switch is changed to the logic 1 position, the
DATA DISPLAY-1 LED should turn ON, The same should be true for
the remaining three switches with respect to the DATA DISPLAY LED's.

PIPELINE DISPLAY BUFFER

An Am25L5158 multiplexer is used as a four-bit buffer to drive
the PIPELINE REGISTER LED lamps. Select the Am251.5158 and install
it in the U26 position.

Assembled Location
{1l U26

Cperation of the pipeline display bhuffer can be tested as
follows. Connect the PC board to the +5V power supply. When power
is applied, all four LED's of the pipeline register should be
ON. Connect one end of the test wire to the power supply ground.
With the other end, momentarily ground U26, pin 2 and the PIPELINE
REGISTER-1 LED lamp should turn OFF. When U26, pin 5 is grounded,
the PIPELINE REGISTER~2 LED should turn OFF. When U26, pin 11
is grounded, the PIPELINE REGISTER-4 LED should turn OFF. When
U26, pin 14 is grounded, the PIPELINE REGISTER-8 LED should turn
OFF. Remove the test jumper wire.

Device Installed

Am25LS158



MICROPROGRAM MEMORY

Now we will install the l6-word by 32-bit microprogram memory.
It consists of eight Am27803 64-bit Random Access Memories. Select
one Am25LS138 and eight Am27503 devices. The Am25LS138 is installed
in the Ul position and the Am27503's are installed in the U2-U9
positions.

Assembled Location Device Installed
O Ul Am25LS138
O U2 Am27803
O U3 Am27503
(| U4 Am27503
O us Am27503
O U6 Am27S03
O u7 Am27503
) [9g:] am27503
o U9 .~ Am27S03

The microprogram memory may be tested as follows. Apply power to
the printed circuit board, Place the RUN/LOAD switch in the LOAD
position. The RAM and MUX SELECT switch is used to select memories
U2-U9, The MEMORY ADDRESS switches are used to select one of the 16
addresses in the memory. The MEMORY DATA switches are used to select
the actual data to be loaded into the memory. The MEMORY LOAD
momentary switch is used to enter data into the Random Access Memory.
With power applied, the following procedure is recommended. Set the
RAM and MUX SELECT switches to binary zero, the MEMORY DATA switches
to binary zero and the MEMORY ADDRESS switches to zero. Depress the
MEMORY LOAD momentary switch, The four LED's (8, 4, 2, 1) of the
MICROWORD MEMORY display should all be OFF. Advance the four MEMORY
DATA switches to logic one. Again, depress the MEMORY LOAD switch.
The four MICROWORD MEMORY LED"s should now be ON. This sequence
of loading zeroés and loading ones into each four-bit memory word
may be continued through the remaining 15 addresses as selected by
the four MEMORY ADDRESS switches. After completing all 16 words
for this memory, the RAM and MUX SELECT switch should be advanced to
binary one. This procedure should be repeated for this position.
Next, the RAM and MUX SELECT switch should be advanced to binary two and
the procedure repeated and so forth until the RAM and MUX SELECT
switches have been advanced through binary 7 and the procedure
repeated for each position.

PIPELINE REGISTER

The pipeline register is used to hold the microinstruction cur-
rently being executed. Select eight Am2918's and one Am25LS138,
Install the eight Am2918's in U13-U20, respectively and the Am25L5138
in Ul2.

Assembled Location Device Installed
o Ul3 Am2918
a - Ul4 . Am2918
O Ul5 Am2918
O Ulé Am2918
o UL7 AM2918
O Ul8 Am2918
o Ul9 Am2918
O U20 Am2918
o Ul2 Am25L5138

The microword or pipeline register can be tested as follows.
Place the RUN/LOAD switch in the LOAD position, the SINGLE STEPR/
PULSE GENERATOR switch in the SINGLE STEP position., The procedure
used will be similar to the procedure used to check the Random
Access Memory previcusly. Set the RAM and MUX SELECT switch to
binary zero, the MEMORY DATA select switch to binary zero, and the
MEMORY ADDRESS switch to binary zero. Depress the MEMORY LOAD switch.
The MICROWORD MEMORY LED's should be OFF. Next, depress the SINGLE
STEP CLOCK momentary switch. The PIPELINE REGISTER LED display should
now also be OFF. Then set the MEMORY DATA select switches to binary
15 and depress the MEMORY LOAD switch. Next, depress the SINGLE STEP
CLOCK switch and now the PIPELINE REGISTER LED's should read binary
15, This procedure should be repeated for RAM and MUX SELECT switch
positions binary one through binary seven. This will test all the
Am2918 registers as well as the Am25LS138.

BUS TRANSCEIVER

The Am2907 is a large scale integration (LSI) bus transceiver. It
is included in the Am2900 kit for evaluation purposes. That is, this
device does not connect directly to the input of the Am2901 bipolar
microprocessor. The am2907 is one of the first integrated circuits
built by Advanced Micro Devices in the new space-saving, 20-pin package.
Select the Am2907 and install it in the U35 position.

Assembled Location Device Installed

o U35 AM2907



The Am2907 operation. can be tested in the following manner.
Connect the power supply to the printed circuit board and apply
power., Put the CLOCK SELECT switch in the SINGLE STEP position
and the RUN/LOAD switch to the LOAD position. Set the RAM & MUX
SELECT switches to the binary 6 position. Operate the SINGLE
STEP CLOCK momentary switch one time and the four DATA DISPLAY
LED's should be OFF. Change the RAM & MUX SELECT switches to
the binary 7 position and the four DATA DISPLAY LED's should all
be ON. Next, change the RAM & MUX SELECT switches to the binary
1 position and the DATA DISPLAY LED's should be ON., Using the
test wire, momentarily ground U34, pin 39. The DATA DISPLAY-8
LED should turn OFF. When the ground is removed from U34, pin 39,
the DATA DISPLAY-8 LED should turn ON., Using the test wire,
momentarily ground U34, pin 38. The DATA DISPLAY-4 LED should
turn OFF. If the ground is removed, the LED will turn ON. Using
the test wire, momentarily ground U34, pin 37. The DATA DISPLAY-4
LED should turn OFF. Remove the ground and the LED should turn
ON. Using the test wire, momentarily ground U34, pin 36. The
DATA DISPLAY-1 LED should turn OFF. When the ground is removed,
the LED should turn ON.

Change the RAM & MUX SELECT switches to the binary 6 position.
The four DATA DISPLAY LED's should be OFF, If they are not,
momentarily depress the SINGLE STEP CLOCK switch. Next, apply
a ground to U34, pin 39, and depress the SINGLE STEP CLOCK
momentary switch, The DATA DISPLAY-8 LED should turn ON. Next,
apply a ground to U34, pin 38, using the test wire and depress
the SINGLE STEP CLOCK momentary switch. The DATA DISPLAY-4 LED
should turn ON and the DATA DISPLAY-8 LED should turn OFF. Next,
apply a ground to U34, pin 37, and depress the SINGLE STEP CLOCK
momentary switch. The DATA DISPLAY-2 LED should turn ON and
the DATA DISPLAY-4 LED should turn OFF, Finally, apply a ground
to U34, pin 36, and depress the SINGLE STEP CLOCK momentary switch.
The DATA DISPLAY-1 LED should turn ON and the DATA DISPLAY-2 LED
should turn OFF. With the ground removed, depress the SINGLE
STEP CLOCK momentary switch and the DATA DISPLAY-1 LED should
turn OFF.

Switch the RAM & MUX SELECT switches to the binary 7 position.
Apply a ground to U34, pin 39, and depress the SINGLE STEP CLOCK
switch. The DATA DISPLAY-8 LED should turn OFF. Now apply the
ground to U34, pin 38, and depress the SINGLE STEP CLOCK switch.

The DATA DISPLAY-4 LED should turn OFF and the DATA DISPLAY-8

LED should turn ON. Now apply the ground to U34, pin 37, and

depress the SINGLE STEP CLOCK switch. The DATA DISPLAY-2 LED

should turn ON and the DATA DISPLAY-4 LED should turn OFF. Now

apply the ground to U34, pin 36, and depress the SINGLE STEP CLOCK
switch., The DATA DISPLAY-1 LED should turn OFF and the DATA DISPLAY-2
LED should turn ON. Remember, it is always important while using

the test wire not to touch any pin or PC track except that specified
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as the final lgcation. In other words, do not count pins around
the IC's location by touching the wire to the printed circuit board.

If all of the above tests have given the correct LED readout, the
Am2907 operates properly.

A STATUS REGISTER

Select the Am25LS08 and install it in the U3l position. The
Am25L508 is used as the status register for the Am2%01 microprocessor.
This status register holds the carry output, overflow, sign bit,
and zero detect flags. Install the Am25LS08 in the U3l position.

Assembled Location Device Installed

O U3l AmM25LS08

The Am25LS08 can be tested as follows. Place the RAM and MUX
SELECT switches to the binary 6 position and the MEMORY DATA switches
to the binary 0 position. Depress the MEMORY LOAD momentary switch
and then the SINGLE STEP CLOCK momentary switch. This is required to
properly load the pipeline register so that the Am27LS09 PROM points
to memory word 1 and provides a LOW signal to the enable input of
thg Am27L508 in the U3l position. WNext, place the RAM and MUX SELECT
switches in the binary 4 position, All four DATA DISPLAY LED's should
be ON. Using the test wire, ground U34, pin 11 and depress the SINGLE
STEP CLOCK momentary switch., The DATA DISPLAY-~1 LED should turn OFF.
Next, apply the ground to U34, pin 31 and dépress the SINGLE STEP CLOCK
momentary switch. The DATA DISPLAY-2 LED should turn OFF and the DATA
DISPLAY~1 LED should turn ON. WNext, apply the ground to U34, pin 34
and depress the SINGLE STEP CLOCK momentary switch. The DATA DISPLAY-4
LED should turn OFF and the DATA DISPLAY-2 LED should turn ON, Next,
apply the ground to U34, pin 33 and depress the SINGLE STEP CLOCK
‘switch. The DATA DISPLAY~8 LED should turn OFF and the DATA DISPLAY-4
LED should turn ON. Now remove the test wire and again depress the
SINGLg STEP CLOCK momentary switch. The DATA DISPLAY-8 LED should
turn ON.

ADDRESS SYNC CCOMPARATOR

Select the Am9324 Comparator and install it in the U40 position.
The ADDRESS SYNC comparator is used to generate a synchronization
pulse whenever the Am2909 Y address outputs match the address selected
by the MEMORY ADDRESS gwitches of the kit.

Assembled Location Device Installed

O u4o Am9324



COMPLETING THE KIT

In order to complete the kit, the following integrated circuits
are installed.

Assembled Location Device Installed
0 u32 Am25L5253
0 U33 Am25L5253
0 u3o Am92309
0 U34 Am2901

Testing these last devices in the kit assembly is more difficult
and requires use of the exercises described in Section V of this
manual. Please complete the testing as required by turning to
Section V and beginning the exercises as described. The Am2901
can be tested by following some of the initial loading procedures
and reading that the correct data is loaded into the internal
memory in the Am2901. Likewise, the Am25LS253's are tested by
performing some of the simple rotate functions described in
Section V.

SUMMARY

The Am2900 Evaluation and Learning Kit is now fully assembled.
If the assembly procedure described in Secticn IV has bheen followed,
the user should recognize that the major portion of the kit has been
tested. As with any such device, exhaustive testing has not been
performed. However, it has been our experience at Advanced Micro
Devices that if the kit is assembled and tested in the fashion
described in Section IV, no functional problems will be encountered,
Thus, as the user begins the exercises in Section V or especially
as the user begins exercises of his own generation, he should be
especially wary of any apparent malfunctions. These malfunctions
are most likely operator error rather than faulty devices in the
kit.

As the user gains more experience with the Am2900 Kit, he
will find that he can immediately identify the reason that the
expected answer does not appear as he anticipated. However, during
the initial stages of becoming familiar with the kit, the user
will often find the display does not give the answer he expected.
It has been our experience at Advanced Micro Devices that almost
always the ultimate solution to these problems is "operator
error". Thus, when the expected answer does not appear at the
LED display, the user should re-evaluate the anticipated result
in order to determine the error in his microprogramming (that's
where the learning comes in -- even the most competent microprogrammer
will blow it now and then!).
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INTEGRATED CIRCUITS

Location

ul
uz2
u3
U4
us
U6
U7
us
us
ulo
Ull
ulz
uls
Ul4
Uls
Ulse
Ul?7
Uls
Ule
u20
Uzl

u22
023
U224
025
U26
027
U28

uze
u30
U3l
u32

033

SECTION V

]

Description

One-of-eight decoder/demultiplexer

RAM
RAM
RAM
RAM
RAM
RAM
RAM
RAM
ram sequencer

One-of-eight decoder/demultiplexer

Quad two-input multiplexer; non-

put multiplexer

plexer
plexer
plexer

Quad two-input multiplexer;inverting
32-word by 8-bit PROM; three state
Quad two-input multiplexer; non-

Four-bit register with common clock

PARTS LIST
Device
Am25L5138
Am27503 lé-word by 4-bit
Am27503 l6-word by 4-bit
Am27503 l6-word by 4-bit
Am27503 l6-word by 4-bit
Am27s503 lé-word by 4-bit
Am27s803 l6-word by 4-bit
Am27503 l6~-word by 4-bit
Am27503 l6-word by 4-bit
Am2909 Bipolar microprog
Am9314 Four-Bit latch
Am25L5138
Am2918 Four~bit register
Am2918 Four-bit register
Am2918 Four-bit register
Am2918 Four-bit register
Am2918 Four-bit register
Am2918 Four-bit register
Am2918 Four-bit register
Am2918 Four-bit register
AmM25L5157
. inverting
Am25LS151 Eight-in
Am25LS151 Eight-input multi
Am25LS151 Eight~-input multi
Am25LS151 Eight-input multi
Am251,5158
Am29751
Am748157
inverting
Am%3309 Dual four-input multiplexer
Am9309 Dual four-input multiplexer
Am25LS08
enable
Am25L5253 Three-state dual four-input
multiplexer
Am25LS253 Three-state dual four-input
multiplexer



Location Device Description
U34 Am2901 Four-bit bipolar microprocessor slice
U3is Am2907 Quad open collector bus transceiver

P with three-state receiver and
parity outputs

U36 _ Am25LS151 Eight-input multiplexer
u37 - Am25Ls8151 Eight-input multiplexer
u3s Am25LS151 Eight-input multiplexer
U39 Am25L5151 Eight-input multiplexer
u40 Am9324 Five-bit Comparator

NOTE: Package type designations (DM, DC, PC) at the end of the
part number have been intentionally omitted.
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RESISTORS

Location

R26

CAPACITORS

Location

Cl
c2

Value

22000
22000
22000
22000
22000
22000
22009
2200Q
51q
10008
51p
51¢
51Q
51Q
3300
3300
3300
3309
330
3300
3300
3308
3300
3300
3300
3308

Value

0.022uf
0.022uf
0.022uf
0.022uf
0.022uf
0.022uf

60uf
0.022pf
0.022uf
0.022uf
0.022uf
0.022p€

60uf

60uf
0.022yf
0.022uf
0.022yf

Wattage

1/4 Watt
1/4 Watt
1/4 wWatt
1/4 Watt
1/4 Watt
1/4 Watt
1/4 Watt
1/4 Watt
1/2 Watt
1/4 Watt
1 Watt

1 Watt

1 Watt

1 Watt

1/4 Watt
1/4 Watt
1/4 Watt
1/4 Watt
1/4 Watt
1/4 Watt
1/4 Watt
1/4 Watt
1/4 Watt
1/4 Watt
1/4 Watt
1/4 Watt

Polarized

No
No
No
No
No
No
Yes
No
No
No
No-
No
Yes
Yes
No
No
No

Part Number

RCRO7G222JM
RCRO7G222TM
RCRO7G222JM
RCRO7G222JM
RCRO7G2220M
RCR0O7G222JM
RCR0O7G222JM
RCRO7G222JM
RCR20G510JM
RCRO7G102JM
RCR32G510JM
RCR32G510dM
RCR32G510JM
RCR32G510JM
RCRO7G331JIM
RCRO7G331aM
RCR0O7G331dM
RCR0O7G331JM
RCRO7G331JM
RCRO7G331JM
RCRO7G331JM
RCRO7G331dM
RCRO7G331JdM
RCRO7G331JM
RCRO7G331IM
RCRO7G331aM

Part Number

5021EMS0RD223M
5021EM50RD223M
S5S021EM50RD223M
5021EM50RD223M
5021EM50RD223M
5021EM50RD223M
500D606G102CB7
5021EMSO0RD223M
5021EM50RD223M -
5021EM50RD223M
5021EM50RD223M
5021EM50RD223M
500D606G102CRB7
500D606G102CB7
5021EM50RD223M
5021EM50RD223M
5021EM50RD223M



SWITCHES

Location

Type Part Number
DPDT Toggle CTs5~022
DPDT Toggle CT5-022
DPDT Toggle CTS-022
DPDT Toggle CTS-022
DPDT Toggle CTs-022
DPDT Toggle CTS~022
DPDT Toggle CTs=-022
DPDT Toggle CTS-022
DPDT Toggle CTsS~-022
DPDT Toggle CTS-022
DPDT Toggle CTs-022
DPDT Toggle CTs-022
DPDT Toggle CTS-022
SPDT Momentary MDL-106F~-80
SPDT Momentary MDL-106F=-80

LIGHT EMITTING DICDES (LED's}

Location

Data Display 8
Data Display 4
Data Display 2
Data Display 1
Pipeline Register
Pipeline Register
Pipeline Register
Pipeline Register
Microword Memory 8
Microword Memory 4
Microword Memory 2
Microword Memory 1

MECHANICAL, COMPONENTS

=N e D

Quantity

HRagooho

Part Number
—_—

Part Number

HP5082-4655
HP5082-4655
HP5082-4655
HP5082-4655
HP5082-4655
HP5082-4655
HP5082-4655
HP5082-4655
HP5082-4655
HP5082-4655
HP5082-4655
HP5082-4655

Am2900EKL

HHS
HHS

2181
1373

HHS 1168

14

AMP 58352%-1

57-2

-

Description

Printed Circuit Board
Rubber Feet

#4 Machine Screw

#4 Nuts

Turrett Terminals
Wooden Toothpick (tool)
16-pin Socket
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SECTION VI
PROGRAMMING EXERCISES

INTRODUCTION

The Am2900 Evaluation and Learning Kit is intended to teach
the basics of microprogramming to the hardware design engineer.
The exercises are geared to the objectives of demonstrating the
uses of the Am2901 and Am2909 and to involve the user in the
microprogramming of these devices. 1In addition, it is intended
to allow evaluation of the Am2901 and Am2909 in an application
environment. As such, the learning exerciseés are divided into
two sections. These include static exercises and dynamic exer-
cises. The static exercises are performed using the toggle switches
and momentary switches available on the printed circuit board. The
user clocks the system by hand observing the various states of the
machine at each pocint. The dynamic tests are set up using the
switches on the printed circuit board but are evaluated by using
an external pulse generator and oscilloscope. This allows the
Am2901 and Am2909 to be tested under operating conditions. 1In this
fashion, the student can learn microprogramming technigques in the
SINGLE STEP CLOCK mode and can evaluate the components in the
PULSE GENERATOR mode, bearing in mind that the kit has not been
designed as a small computer. However, once the user understands
the Am2901, Am2909 and the principles of mlcroprogrammlng, then
the design of a computer becomes obvious.

The static test exercises are divided into three basic groups.
The first group is intended to familiarize the engineer with the
Am2901 capabilities. The second group is intended to familiarize
the engineer with the Am2909 functions. The third group of exer-
¢cises that can be generated appear almost infinite. The exercises
presented here are only representatlve and the student is encouraged
to write numerous additional exercises to evaluate any specific
parameter or feature in which he is interested.

In the dynamic testing mode, several exercises are presented
such that the student can evaluate typical switching characteris-
tics. Many of the specified parameters of the Am2901, Am2907,
Am2909 and Am2918 can indeed be measured using the Am2900 Kit. It
is not possible to measure some of the parameters due to the complex
nature of the testing required.

USING THE EXERCISES

The microprogramming exercises are contained on the Am2900
Kit microprogramming worksheets following this discussion. These
worksheets show the specific "logic one" and "logic zero" codes
that must be entered into the microprogram memory in order to
execute the various microinstructions so ag to perform a function
(HIGH = logic one). The results of the execution of these micro-=
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instructions is described in the accompanying text.

The Am2900 Kit programming worksheet is divided into two main
parts. The top half of the worksheet shows a map of the entire
l6-word by 32-bit microprogram memory. The logic ones and logic
zeros associated with the fields of each microprogram memory word
can be entered into the worksheet. Any blank space on the worksheet
indicates a "don't care" condition. The bottom half of the worksheet
shows a functional block diagram representation of the Am2900 Kit.
This block diagram is intended to allow the user to sketch the
path of a microinstruction so he may more easily understand the
actual event being executed. The use of these two sections of
the worksheet is demonstrated in the exercises.

PROGRAMMING THE MICROPROGRAM MEMORY

The recommended procedure for using the exercises as described
with the Am2900 Kit is to load all the required data into the micro-
program memory. For example, all six words of Exercise 1 should be
loaded into the microprogram memory before executing these instruc-
tions. The procedure to be used in loading the microprogram memory
is as follows:

1. Connect the 5V power supply to the Am2900 Kit and apply
power.

2. Set the RUN/LOAD SELECT switch (512) to the LOAD position,

3. BSet the MEMORY ADDRESS switches (S8-S11) to the decimal
zero position.

4. Set the RAM & MUX SELECT switches (S51-S3) to the decimal
zero position.

5. BSet the MEMORY DATA switches (54-57) to the required bit
position.

6. Depress the MEMORY LOAD switch (514) to enter the data.

7. View the MICROWORD MEMORY LED's to be sure the correct
word has been written into the nicroprogram memory.

8. Repeat steps 3-7 for each decimal position of the RAM &
MUX SELECT switches until all eight fields (decimal 0-7)
have been loaded.

9. Repeat steps 3-8 for each microprogram memory address
word until the entire 16 words (word 0-15) of the micro-
program memory have been loaded.

Needless to say, any blank entries ("don't care" conditions)
may be omitted. When this procedure is followed, all possible
128 four-bit fields in the microprogram memory are easily loaded.
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- wish to load all 16 words of each field sequentially.

The above description has sequentially loaded the 8 four-bit
fields of the microprogram word, one word at a time. The user may
That is, the
RAM & MUX SELECT switches are set to decimal 0 and each MEMORY ADDRESS
is loaded with the appropriate word for the entire 16 words of the
memory. Advanced Micro Devices' Applications Engineers have found
both techniques to be convenient depending on the particular exer-
cise. g

Once the microprogram memory has been loaded, the exercise

should be executed as described in the accompanying text with the
programming worksheet.

'CONNECTiNG THE PULSE GENERATOR

The Am2900 Evaluation and Learning Kit is designed such that
it can be easily driven from a pulse generator. Two turret termi-
nals are provided near resistor R9 so that a coaxial cable can be
soldered to the board. One of the turret terminals is marked "GND"
and connects directly to theground bus of the system. A 51 ohm
resistor is connected directly between the two turret terminals.
This provides a termination for the coaxial cable at the U29 IC so
that the cable is properly matched.

The printed circuit board has been designed such that it will
accept a printed circuit type BNC connector. If the user desires,
he may purchase a King's K(C-79-153 connector for installation
directly beneath the pulse generator turret terminals. This will
provide a second method for connecting the pulse generator to the
Am2900 Evaluation and Learning Kit. In some laboratory environments,
this may be more convenient than directly connecting a coaxial cable
to the printed circuit board.



Programming Exercise #1 - Loading the Am2901 Memory

Many of the operations performed with the Am2901 Microprocessor
will involve the use of the lé-word, two—-address RAM. These 16 RAM
locations may be employed at the option of the user as program count-
ers, accumulators, index registers, scratch pad memory, stack pointers,
non-user registers, and so forth. Application of the RAM can be
determined by the system architecture as well as the microprograms.
The purpose of this exercise is to demonstrate one technique for
lLoading the 16 registers from the incoming data input. The exercise
is written so as to load a selected word in the RAM memory and then
advance to the next line of microprogram code. At this word, the
contents of the Am2901 RAM is read out so that it can be examined at
the output of the Am2901.

In this exercise, microprogram word zerc contains a micro-
instruction that will load Register "0" of the Am2901 with the value
binary two. The microinstruction at word one in the microprogram
memory reads the contents of register zero to the Am2901 output
via the B data ocutput of the 16 x 4 RAM. Microinstructions 2 and 3
perform the same function on RAM Register "1" while miéroinstructions
4 and 5 perform the same function on RAM Register "9". Obviously,
the user can locad and examine all 16 registers in the Am2901 RAM using
a similar pair of microinstructions. Incidentally, microinstructions
0 and 1 could be used to perform this function on all 16 registers
in the Am2901 by simply re-loading the contents of the microprogram
memory "D" and "B" fields and then executing these two instructions;
then reloading and executing again.

The actual execution of this exercise is as described below.
Leave the RUN/LOAD switch in the LOAD position and set the MEMORY
ADDRESS switches to decimal 0. First, depress the SINGLE STEP CLOCK
momentary switch so as to enter the contents of the microprogram
memory into the pipeline register. MNext, advance the MEMORY ADDRESS
switches to the decimal 1 position and again depress the SINGLE STEP
CLOCK momentary switch. This has the effect of executing the con-
tents of the pipeline register which 1s currently word zero and
entering the contents of microprogram memory word 1 into the pipe-
line register. The result is that binary two is loaded into Register
0 and the pipeline register contains an instruction that is currently
reading the contents of Register 0 to the Am2901 outputs. The user
can view the Am2901 outputs on the DATA DISPLAY LED's by setting
the RAM & MUX SELECT switches to the decimal 1 position. When this
function is performed, the DATA DISPLAY reads binary two (0010).

The next pair of micreoinstructions which load Register 1 can
be executed in a similar fashion. That is, set the MEMORY ADDRESS
select switches to the decimal 2 position and depress the SINGLE STEP
CLOCK momentary switch., This loads the contents of microprogram
memory word 2 into the pipeline register. " Next, advance the MEMORY
ADDRESS switches to the decimal 3 position and again depress the
SINGLE STEP CLOCK momentary switch. This executes the contents of
the pipeline register and enters the "read" microinstruction into
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the pipeline register. Thus, the user now views the word that has
been loaded into Register 1 of the Aam2901 RAM. Microinstruction
words 4 and 5 are executed in a similar fashion.

The purpose of this exercise is to demonstrate the simple load-
ing of data into the am2901 memory. The lcading of the Q register
can be accomplished in exactly the same fashion with only the destina-
tion select field of the microinstruction control word being changed.
In this example, each "load" instruction has been followed by a
"read" instruction so the contents of the Am2901 memory can be
examined. 1In normal operation, only the load operation is performed
and the machine moves on to the next task at hand.
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to demonstrate the "no op" function.
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CLOCK momentary switch is depressed, the single length rotate up
function will be executed.

; Next, set the MEMORY ADDRESS switches to the decimal 0 positiocn
[ ————7= Fa / and depress the SINGLE STEP CLOCK momentary switch. This will again
load the contents of microprogram memory word 0 into the pipeline
register. Then, set the MEMORY ADDRESS switches tothe decimal 2
position and depress the SINGLE STEP CLOCK momentary switch. This
will execute the load two microinstruction and enter microprogram
memory word 2 into the pipeline register. Now, with the RAM & MUX
SELECT switches in the decimal 2 position, the DATA DISPLAY LED's
will again show binary two {0010). Keeping the MEMORY ADDRESS
switches in the decimal 2 position, each depression of the SINGLE
STEP CLOCK momentary switch will result in the execution of a rotate
down microinstruction. The pattern on the DATA DISPLAY will follow
az2,1, 8, 4, 2, etc. sequence as the SINGLE STEP CLOCK momentary
switch is depressed.
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The double length rotate up and double length rotate down in-
structions are executed in a similar fashion. First, execute the
word at decimal 0 position, then execute the word at the decimal 3
position and then execute the word at the decimal 4 or decimal 5
position. The word at the decimal 3 position simply performs a
clear @ function so that the contents of the Q register intially is
all zeros. The double length rotate up pattern will now be 2, 4, 8,
0,0, 0,0, 1, 2, 4, 8, 0, ete. Likewide, the double length rotate
down pattern will be 2, 1, 0, 0, 0, 0, 8, 4, 2, 1, 0, etc.

The "no-operation" function at microprogram memory word 6, if
selected, simply demonstrates that the Am2901 can be clocked with no
write operation being performed. During any of the above exercises,
the MEMORY ADDRESS switches can be changed to the decimal 6 position
and the SINGLE STEP CLOCK momemtary switch depressed. The result is
that the no-operation function will be entered into the pipeline
register and then executed. It should be remembered that when the
MEMORY ADDRESS switches are changed to the decimal 6 position, the
pipeline register will currently contain a rotate instruction. This
instruction will be executed as the contents of the microprogram
memory (no-operation) are loaded into the pipeline register. Thus,
one additional execution of the rotate function takes place before
the no operation instruction is executed.

The purpose of this exercise is to demonstrate how an external
multiplexer can be used to perform single length and double length
rotates in either direction. The user is encouraged to write instruc-
tions that perform shifting of zeros into the word and double length
arithmetic shifts. From this example, it should be apparent to
the user that a multiplexer scheme can be designed to include the
carry flip~-flop such that single length and double length rotate with
or without carry could be implemented. Likewise, shifting ones or
shifting zeros into the Am2901 would be possible.

&
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Programing Exercise #3 - Am290]1 Arithmetic Operation

The purpose of this exercise is to demonstrate a small set of
the arithmetic capability of the Am2501 Microprocessor. Four diff-
erent instruction types are demonstrated on the worksheet for this
exercise. The first three types are demonstrated in microprogram
memory words 0, 1, and 2 while the fourth type is demonstrated using
three microinstructions at memory locations 7, 8, and 9. Again, all
data shown in the worksheet should be entered into the microprogram
memory.

This exercise is executed in the following manner. Set the RUN/
LOAD switch to the ILQAD position and set the MEMORY ADDRESS switches
to the decimal 0 position. If the RAM & MUX SELECT switches are set
to the decimal 1 position, the output of the Am2901 Microprocessor
can be viewed on the DATA DISPLAY LED's. Each time the SINGLE STEP
CLOCK momentary switch is depressed, the current DATA DISPLAY will
be incremented by one.

This is accomplished by using the B and 0 source operands,
adding in the ALU with the carry-in set to a one, and writing the
results into the Register 0 of the RAM.

If the MEMORY ADDRESS switches are placed in the decimal 1
position, each time the SINGLE STEP CLOCK momentary switch is
deprssed, the contents of Register 0 will be decremented. Thus,
the DATA DISPLAY will show this decrement function on the contents
of Register 0.

If the MEMORY ADDRESS switches are placed at the decimal 2
position, each depression of the SINGLE STEP CLOCK momentary switch
will result in the contents of Register 0 being increased by three.
Needless to say, an overflow will occur every six clock cycles and
the contents of the register will "end around” from a positive value
to a negative value. This microinstruction demonstrates adding a
data bus input value on the D inputs to the contents of a register.

Microinstruction words 7 and 8 perform the required set-up
to demonstrate a register-to-register add operation at microinstruc-
tion word 9. This sequence of microinstryctions is executed in the
following manner. Set the MEMORY ADDRESS switches to the decimal 7
position and depress the SINGLE STEP CLOCK momentary switch. Next, set
the MEMORY ADDRESS switches to the decimal 8 position and again
depress the SINGLE STEP CLOCK momentary switch. Now, set the MEMORY
ADDRESS switches to the decimal 9 position and again depress the SINGLE
STEP CLOCK momentary switch. Thus far in the procedure, we have exe-~
cuted microinstruction 8 which sets register 1 to the value five. If
we leave the MEMORY ADDRESS switches in the decimal 9 position and
begin depressing the SINGLE STEP CLOCK momentary switch, the ‘contents
of Register 0 will be increased by the value five. This will be
equivalent to a sequence of 0, 5, 10, 15, 4, 9, 14, 3, 8, etc., in a
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"magnitude only" number system. This output is viewed on the DATA
DISPLAY LED's when the RAM & MUX SELECT switches are in the decimal
1 position. This microinstruction represents a register-to-register
arithmetic addition within the Am2901 Microprocessor.
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Programming Exercise #4 - Continue and Branch Next Instructions
in the Am2909 Microprogram Sequencer

The next few exXercises will examine various functions for the
¢ontrol of the next microinstruction address. PField 6 of the micro-
program memory word contains a number of functions that are executed
by the next address control PROM associated with the Am2909 Micro-
program Sequencer. These functions are shown on page 3-5 of the
discussion on the operation of the Am2900 Kit. Exercises 1, 2, and
3 demonstrated a few of the functions of the Am2901 Microprocessor.
All of these microinstructions were executed with the RUN/LOAD switch
in the LOAD position. In order to execute the microinstructions
associated with the next address control of the Am29009 Microprogram
Sequencer, it will be necessary to switch the RUN/LOAD switch to
the RUN position. However, in order to load the microprogram memory,
the RUN/LOAD switch must be in the LOAD position. .

First, the data on the programming table of the exercise 4 work-
sheet should be loaded into the microprogram memory. This exercise
demonstrates the CONTINUE {or EXECUTE) operation as well as the
BRANCH (or JUMP} operation in next microinstruction select control.
After the micreprogram memory has been loaded, the MEMORY ADDRESS
switches should be placed in the decimal 0 position and the SINGLE
STEP CLOCK momentary switch depressed one time. This will load the
contents of memory address zero into the pipeline register. This is
necessary to initialize the pipeline register so that the instruction
sequence in the Exercise 4 worksheet can be executed.  If this step
is not performed, the current contents of the pipeline register are

‘not known and the next microprogram memory address will most likely
not be as determined from the worksheet. Now, the RUN/LOAD switch
-should be changed to the RUN position. If the RAM & MUX SELECT
switches are placed in the decimal 0 position, the output of the
Am2909 Microprogram Sequencer can be viewed on the DATA DISPLAY LED's.
This display represents the address of the next microinstruction. At
this point in the execution of the exercise, the DATA DISPLAY should
show decimal nine (1001). As the SINGLE STEP CLOCK momentary switch
is depressed, the sequence on the DATA DISPLAY should be 9, 6, 10,
11, 12, 13, 14, 15, 3, 0, 9, 6, etc. Microinstruction at address

0, 3, 6, 9, and 15 are BRANCH instructions while microinstructions

at addresses 10, 11, 12, 13, and 14 are CONTINUE instructions.

The purpose of this exercise, of course, is to demonstrate the
gimple CONTINUE and BRANCH instructions used throughout microprogram
memory next address control.




Am2900 11T PROGRAMMING WORI( SHEET N

EXERCISE NUMBER;: 11‘- NAME: O./w 7 A L E. /)/UD B&JH AW

MICROPROGRAM MEMORY

IS NS I (RS RN (NNEEDO M ! .
I R ) I W Y O I A T I A
ADURESS B"-’*]“"’l"“‘ 150 "3]’? "Il"l'l B !sllrrm z l2| nl o |5—| Iy I 13 A:TA_It\.l.n TI:?J'BTI np D3[02T0| vg| cowTHOL MTROL

» [1001|coar T

; ]

» loogolooar| ] Be o

- [1o1o|ooo| ~ B | ' BE /0

s |01 0 [o00 1| ] HEEA

" 00610 | OanT

- Q010 | ConT

I Qo0 10 _ Q ONT

" 6070 QT

" ool 0 CoMT

s |OOtt | 000 ER3

CLANK = DOM'T CARE

sTRucTION SEQUIME 3 0,9, 6, 10,/1,12, /3,/52 15350, £7C

o
T T T o — T
[ =~ _J_.__._U - j\lz__ | ol
|LimmHM£1 h&$ﬁ| 4mw1
LT
e T N , ]
:Anohﬁﬁﬂi — =
switcAes] | r___mﬁ | e T
L P e : N
N VTN gpre—— i ..__V__..=. ——n |
- ; TUARI a
i | OhLEﬂEI 3 O swEr 73|
! | — !
| | Y e, |
= | A n 164 a l
M2 e S Faogasal 1 e | R S P T ;
V.50 DY E | A D '
e e e
THUF LiE | B e [ _ e,
ILCMELH L] A uO } >r sTaTus -
n S 12
f | I il N
S B . R
| e P ® | coNDIGiCn |
rw__;;_____l L F CODZ wiUx 5‘
(I fijFM _3L_“Amix, AA-I mrr B
gall DEST ]-&[ MUX I
Lt _ Y Amz2901 |

Programming Exercise #5 - Looping in Microprogram Memory

The purpose of this exercise is simply to demonstrate the
technique of looping within the microprogram memory. This particu-
lar demonstration does not make provision for braching out of the
loop in any fashion. While this is not the normal case, it does
provide the student with a view of what is involved in getting into
and executing a loop. The loop is normally terminated by using one
of two types of instructions. The first type of instruction would
be test-end-of-loop and either repeat the loop if the condition is
not true or continue out of the loop if the condition is true.  When
the "continue out of the loop" microinstruction is performed, a
POP is executed to keep the stack maintained properly. The second
technique for escaping a loop is to perform a conditional branch
microinstruction somewhere within one of the loop microinstructions
and when the test condition finally becomes true, a branch from
the loop is made. Again, once ocut of the loop the first micro-
instruction should be a POP to perform the file maintenance.

Once the data on the worksheet associated with Exercise 5 has
been loaded in the microprogram memory, the MEMORY ADDRESS select
switches should be placed at decimal 0 and the SINGLE STEP CLOCK
momentary switch depressed. Now, the RUN/LOAD select switch should
be changed to the RUMN position. If the RAM & MUX SELECT switches
are placed in the decimal 0 position, the DATA DISPLAY LED's will
view the Am29%09 Microprogram Sequencer next address output. At this
point, the DATA DISPLAY will show decimal 1. As the SINGLE STEP CLOCK
momentary switch is depressed, the DATA DISPLAY LED's sequence will
follow the pattern of 1, 2, 3, 4, 5, 6, 7, 8, 9%, 10, 11, 12, 3, 4,
5, etc. Thus, the microinstruction 3 and proceeding through micro-
instruction 12, at which point a loop back to microinstruction 3 is
performed. This loop is made possible by using the file reference
next address microinstruction. A PUSH was performed at microword 2
so that the word currently on the stack is address 3. Thus, each
time the file reference instruction is executed at microword 12,
the next address from the Am290% Microprogram Sequencer is micro-
instruction address 3.
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Programming Exercise #6 - Executing a Subroutine in
Microprogram Control

The purpose of this exercise is to demonstrate the technique of
subroutining in microprogram memory. Microinstruction 3 executes
a jump-to-subroutine at microinstruction 12. The subroutine at
microinstruction 12 is three microinstructions in length covering
the microprogram memory space between microinstruction 12 and micro-
instruction 14. The basic microinstruction sequence between micro-
word 0 and microword 6 is simply a continue sequence between 0 and 3
as well as from 4 to 6. At microword 6, a branch to word 0 is per-
formed.

This exercise is executed by first loading the microprogram
memory with the data on the worksheet. Once the microprogram memory -
has been loaded, the MEMORY ADDRESS select switches should be placed
in the decimal 0 position and the SINGLE STEP CLOCK momentary switch
should be depressed, Now, the RUN/LOAD select switch should be
placed to the RUN position and the RAM & MUX SELECT switches placed
to the decimal 0 position, This alllows the DATA DISPLAY LED's to
view the output of the Am2909 Microprogram Sequencer,. The current
display should be decimal value 1. As the SINGLE STEPF CLOCK momen-—
tary switch is deprssed, the DATA DISPLAY should execute the sequence
1, 2, 3, 12, 13, 14, 4, 5, 6, 0, 1, 2, 3, 12, etc.
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Programming Exercise #7 - Nesting Subroutines

This exercise demonstrates the technique of nesting subroutines
in microprogram memory. The subroutines are nested four levels deep
in this example. The main microprogram resides at microinstructions
13, 14, and 15. The microinstruction at word 14 is a jump-to-sub-
routine at address 0. This is shown on the flow diagram below. Once
at subroutine 0, we see the first insfruction is a jump~to~-subroutine
at microinstruction 12, The subroutine at microinstruction 12 is a
single microinstruction subroutine resulting in a return-from-sub-
routine. The microinstruction at address 1 is another jump-to-sub-
routine at microprogram address 6. The subroutine beginning at micro-
program address 6 again executes a jump-to-subroutine at addressg 12.
Again, the single microinstruction subroutine is executed and the
microprogram control returns to address 7 where another jump-to-
subroutine is found. Here, the jump-to~subroutine takes the next
microinstruction from word 3, The microinstruction at word 3 again
executes a jump-to-subroutine at word 12. The single microinstruction
subroutine at location 12 is now executed and the microprogram control
returns to address 4. The microprogram instruction at word 4 is
another jump-to-subroutine at microprogram memory word 9. Micropro-
gram memory word 9 is a continue instruction and microprogram memory
word 10 is a return-from-subroutine instruction. The flow is such
that subroutine 9 returns to subroutine 3 which returns to subroutine
6 which returns to subroutine 0 which returns to the main program,

From this example, several observations can be made about sub-
routining in microprogram control. First, we have nested subroutines
up to four levels deep using the Am2%09 stack. Second, the stack has
maintained the correct return linkage throughout the various sub-
routine calls and returns. Third, the subroutine at microinstruction
12 has been used at more than one level of subroutining, -

The purpose of this exercise has been to demonstrate nesting of
four levels of subroutining. MNote that each level of subroutining
required one return address location in the PUSH/POP stack. Recall-
ing the discussion on looping in Exercise 5, a PUSH onto the stack
was performed to supply the reference address for the loop. Thus,
it should be understood that up to four levels of loops and sub-
routines can be intermixed in any fashion. One word of the
stack is used for each reference address required. For example,

a subroutine might contain a loop which contains another subroutine
which contains another loop. This would utilize the four levels of
stack depth within the Am2909 Microprogram Sequencer.
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Programming Exercise #8 - Combining the Am2901 and Am2909
to Perform Conditional Branching

This is the first exercise that combines both the Am2901 and
Am2909 functions. It is used to demonstrate the technique of condi-
tional branching in microprogram control. The microinstruction at
word 1 contains a test on the carry flag whereby a conditional branch
occurs if the carry output is logic 1.

This exercise should be executed in the following manner. After
the data on the worksheet has been loaded into the microprogram memory,
the MEMORY ADDRESS select switches should be placed at decimal 0 and
the SINGLE STEP CLOCK momentary switch depressed. Now, the RUN/LOAD
select switch should be placed in the RUN position. If the RAM & MUX
select switches are placed in the decimal 0 position, the Am2909 Micro-
program Sequencer next microinstruction address output is viewed. The

- DATA DISPLAY LED's will currently contain decimal value 1. As the
SINGLE STEP CLOCK momentary switch is depressed, the data display
pattern will follow a 1, 2, 0, 1, 2, 0 pattern until the carry output

is a "logic 1". At this point, the next address will branch from micro-

program memory word 1 to microprogram memory word 15 and then to
microprogram memory word 0. This 1, 2, 0 loop will be repeated 15
times until the next carry flag occurs on the 16th interation and a
branch to microword 15 again occcurs.

The way this exercise operates is to take the contents of register
0 and increment the current value on microword 0. The instruction at

microword 1 is used to test the carry flag stored in the status register.

If the carry flag is logic 1, a branch to microword 15 is performed.
At microword 15, a continue instruction is executed which results in
an end around microword 0.

While this exercise is contained in the static testing mode
description, it can also be used in the dynamic testing mode. Micro-
instruction 15 will occur once every 48 clock cycles. Because the
design of the Am2900 Kit uses the Am2909 Sequencer with the carry
input tied HIGH, each time address 15 occurs at the Am2909 outputs, .
the Am2909 carry output will be HIGH. It is this Am2909 carry out-
put that is connected directly tc the SYNC TEST turret terminal on the
kit printed circuit board. Thus, in this example, the SYNC TEST turret
terminal provides a convenient point to synchronize the oscilloscope
to see the entire 48 word microprogram saquence. Likewise, the
ADDRESS SYNC turret terminal can be used to view particular micro-
instruction address execution on an oscilloscope. That is, by setting
the MEMORY ADDRESS select switches to a particular decimal value, a
HIGH output on the ADDRESS SYNC turret terminal results each time the
Am2909 Microprogram Sequencer address matches that of the MEMORY
ADDRESS select switches. This allows one trace of a multiple trace
oscilloscope to be connected to the ADDRESS SYNC turret terminal and
the execution of a particular address studied.This will be discussed
in more detail in the dynamic operational description of the program-
ming exercises.
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Programming Exercise #9 - Measuring the B Address Access Time

—~o[=

|5 |
A

The purpose of this exercise is to demonstrate the technique used
to measure the access time of the Am2901 RAM with respect to the B
address. First, microprogram memory word 0, 1, 14, and 15 should be
loaded as shown on the worksheet. Now, the 'CLOCK SELECT switch shoulad
be in the SINGLE STEP position and the RUN/LOAD select switch should
be in the LOAD position. The MEMORY ADDRESS select switches should
be in the decimal 0 position and the SINGLE STEP CLOCK momentary
switch depressed. This initializesg the pipeline register to a start-
ing address. Next, change the RUN/LOAD select switch to the RUN posi-
tion. Now, depress the SINGLE STEP CLOCK momemtary switch two times
S0 as to execute the microinstructions at word 0 and word 1. This
performs the loading of register 0 with all zeros and register 15
with all ones.

Now, if a pulse generator has been connected to the PULSE GENERA-
TOR inputs, when the CLOCK SELECT switch is changed to the PULSE GEN-
ERATOR position, the Am2900 Evaluation Kit will be operating in the
dynamic mode. The SYNC TEST turret terminal can be used as a con-~
venient cscilloscope sync point., The microprogram control will now
be executing the microinstructions at word 14 and word 15.
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The two microinstructions at word 14 and word 15 cause the B
address to be changed from all zeros to all ones and then back to
all zeros. The Am2901 RAM data output for these two registers is
also all zercs and all ones. Thus, if the Am2901 Y outputs are probed
with an oscilloscope and the Am2901 B inputs are also examined with
an oscilloscope, the differential time between the B address change
and the Y data output is measured - the B access time. The path
selected in this example is to use the ALU "OR" function with the B
and O source operands. In this example, the RAM is being re-written
on each microinstruction: however, the no operation destination con-
trel instruction can also be usged.
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From this example, the user should recognize that the B address
fields and the data fields could be selected in any fashion so that
various patterns can be examined. Likewise, the entire Am2901 RAM
might be initialized to all ones, all zeros, or a checkerboard pattern
if the user desires. It should also be recognized that similar tech-
niques can be used to measure various propagation delays such as the
D inputs to the Y outputs, the A address inputs to the Y address out-
puts, carry-in to carry-out and so forth. In fact, almost all of the
combinatorial propagation delays shown in Table II of the Am2901 data
sheet can be measured in this manner. The key item to be remembered
in performing any of these measurements is that only the variable to
be measured changes between microcycles. That is, all other inputs
to the Am2901 should be held constant except for the path being mea-
sured. For example, when measuring the carry input to carry output
propagation delay, only the carry input should be changed during the
microinstruction time of interest.
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Programming Exercise #10 - Counting the Total Number of Ones
in Three Register Words

This exercise demonstrates the use of the conditional jump-to-
subroutine function and uses most of the paths in the Am2900 Evalua-
tion and Learning Kit. V0, V1, and V2 are three data values that are
written into the data field of microprogram memory words 0, 1, and 2.
The user should make up these three values as desired. The micropro-
gram sequence from microword 8 through microword 15 executes a series
of microinstructions that will determine the total number of ones in
the three data fields, Vo, V1, and V2. These data values are loaded
into Register 0, Register 1, and Register 2 of the Am2901 RAM. This
microprogram uses Register 3 to hold the running partial summation as
the number of ones in each word are counted. Register 4 in the Am2901
RAM is used as a working register to count the number of cycles in the
algorithm. The contents of Register 0, Register 1, and Register 2
are not retained in the Am290l1 memory; but they are destroyed during
the execution of the algorithm. The flow diagram shown below is a
summary of the algorithm as executed. The data value applied on the
D input during the AND operation with each Register 0, 1, and 2 is
used as a mask word.

As shown in the programming worksheet, if the program is exe-
cuted it will finally reach memory word 15 and branch on itself
thereafter. Memory word 15 is used to read register 3 such that
the DATA DISPLAY can be used to read the total sum of ones in the
Vo, V1, and V2 data fields. If field 6 of microprogram memory word
15 is changed from decimal 1 to decimal 2, instead of branching on
itself at microprogram memory word 15, the microprogram will now
continue from address 15 to address 0 and repeat the sequence. This
allows the total sequence to be executed in the dynamic mode such that
a2ll the various instructions can be viewed using an oscilloscope. If
the values V0, V1, and V2 are to be changed, the kit should be switch-
ed from the dynamic mode to the static mode and these three data
fields reloaded with the new values., Then, the kit can be switched
back to the dynamic mode and the new sequence evaluated using an
oscilloscope.

The oscilloscope can be synchronized to the total microprogram
sequence by using the SYNC TEST turret terminal as a master sync
point. This SYNC TEST point will provide one pulse each time the
total sequence is executed. The ADDRESS SYNC turret terminal can
be used as one trace on the oscilloscope to gain an instruction
execution reference. For example, if the MEMORY ADDRESS switches
are placed in the decimal 14 position, a sync pulse will be generated
each time the algorithm jumps to the subroutine at microword 14 to
increment Register 3. Likewise, if the MEMORY ADDRESS select switches
are placed in the decimal 11 position, the end point of the four major
cycles (decrement, register 4) can be referenced at the ADDRESS SYNC
turret terminal,
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‘Register 0 represents the least significant four bits.

PROGRARMMING EXERCISE #11 - 16-BIT PROGRAMMED COUNTER

This .exercise demonstrates a technique for using four internal
Am2901 RAM registers to emulate a l6-bit counter. 1In this example,
Then,
Register 1 is used for the second four-bit field; Register 2
is used for the third four-bit field and Register 3 is used for the
most significant four-bit field. The microprogramming sequence
as demonstrated in this example could be used as a subroutine that
is called each time an event occurs. A conditional Return~from-
Subroutine could be used rather than conditional branch te word 7.

When the program reaches memory Ygrd 15, all four internal
registers are at 0. At this point, 2 calls of this subroutine
would be required before microprogram state 15 will again be reached.
The exercise is intended £o be used in the dynamic mode; however,
the user may wish to prelcad Register 0 through Register 3 with
binary 15 (1111} so that the total branch path can be demonstrated
in the static mode.

The flow diagram shown on the following page is a summary
of the operation of this algorithm as programmed on the worksheet,
By this point, the user should understand the technique required
to initialize the sequence using the Am2900 Evaluation and Learning
Kit.
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Summary of Exercises

The exercises presented in Section VI of the Am2900 Evaluation
and Learning Kit Instruction Manual have presented a number of diff-
erent ideas associated with microprogramming. The user might attempt
a number of other exercises to gain additional experience with this
kit. Some ideas for these exercises are presented below.

1. Multiplication by a constant integer.

2; Division by a constant integer.

3. Counting the number of zeros in two register wordg.

4. PFind the highest numeric value among four words.

5. Order three or four words in descending numerical order.
6. Perform a byte swap on one word. ‘

7. Perform a logic compare on two words and count the number
of bits not matching.

8. Add two registers and test for an arithmetic overflow

There are many such examples of small microprogram sequences of
instructions that can be generated using this kit. Remember, however,
the goal of this kit is to allow the engineer not familiar with micro-
programming to grasp the concepts involved in microprogramming and not
necessarily be able to use the kit to perform all possible combinations
of microprogram sequences for instructions that can be suggested. Also,
the Am2901, Am2907, and Am2909 dynamic performance can be evaluated.
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